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Wkh Prqrsrolvwlf Frpshwlwlrq Uhyroxwlrq lq Uhwurvshfw
Vwhyhq Eudnpdq Ehq M1 Khlmgud
Ghfhpehu 5335
Devwudfw
Lq wklv sdshu zh dujxh wkdw wkhuh kdyh ehhq wzr prqrsrolvwlf frpshwlwlrq uhyroxwlrqv1
Wkh uvw zdv vwduwhg e| Mrdq Urelqvrq dqg Hgzdug Fkdpehuolq lq wkh 4<63v exw idlohg
wr kdyh pxfk lpsdfw rq hfrqrplf wkhru|1 Wkh vhfrqg zdv lqlwldwhg e| Dylqdvk Gl{lw
dqg Mrvhsk Vwljolw} lq wkh hduo| 4<:3v1 Wkhlu uhyroxwlrq vxffhhghg ehfdxvh lw |lhoghg
dq dqdo|wlfdoo| wudfwdeoh prgho ri Fkdpehuolqldq prqrsrolvwlf frpshwlwlrq +wkh odujh
jurxs fdvh,1 Wklv prgho kdv ehhq xvhg lq vxfk glyhuvh hogv dv lqwhuqdwlrqdo wudgh wkhru|/
hfrqrplf jhrjudsk|/ hfrqrplf jurzwk wkhru|/ dqg pdfurhfrqrplfv1 Lwv srsxodulw| vkrzv
qr vljq ri ghfolqh1
Wklv sdshu irupv wkh lqwurgxfwlrq wr wkh iruwkfrplqj errn hqwlwohg Wkh Prqrsrolvwlf Frpsh0
wlwlrq Uhyroxwlrq lq Uhwurvshfw hglwhg e| V1 Eudnpdq dqg E1M1 Khlmgud +Fdpeulgjh Xqlyhuvlw|
Suhvv/ 5336,1 Wklv errn lv edvhg rq wkh sdshuv suhvhqwhg dw wkh VRP frqihuhqfh zklfk zdv
khog dw wkh Xqlyhuvlw| ri Jurqlqjhq/ rq Rfwrehu 63064/ 53331
4 Lqwurgxfwlrq
Lq vshdnlqj ri wkhrulhv ri prqrsrolvwlf ru lpshuihfw frpshwlwlrq dv uhyroxwlrqv/
L nqrz lq dgydqfh wkdw L vkdoo suryrnh glvvhqw1 Wkhuh duh plqgv wkdw e| whpshu0
dphqw zloo ghqh dzd| hyhu| sursrvhg uhyroxwlrq1 Iru wkhp lw lv hqrxjk wr srlqw
rxw wkdw Nh|qhv lq 4<69 kdg vrph sduwldo dqwlflsdwru lq 4;691 Qhzwrq lv mxvw d
jx| jhwwlqj wrr pxfk fuhglw iru wkh dffuhwlrq ri nqrzohgjh wkdw fryhuhg fhqwxulhv1
D prxqwdlq lv mxvw d kljk kloo> d kloo phuho| d exojlqj sodlq1 Vxfk shrsoh uhplqg
ph ri wkh judppdu0vfkrro whdfkhu zh doo kdg/ zkr zrxog qhyhu jlyh 433 wr d sdshu
rq wkh jurxqg wkdw Qr rqh lv shuihfw1 Vdpxhovrq +4<9:/ s1 46;,1
Hgzdug Kdvwlqjv Fkdpehuolq lv wkh dxwkru ri rqh ri wkh prvw lq xhqwldo zrunv
ri doo wlph lq hfrqrplf wkhru|Wkh Wkhru| ri Prqrsrolvwlf Frpshwlwlrq/ zklfk
hqwhuhg lwv hljkwk hglwlrq lq 4<951 Dorqj zlwk Orug Nh|qhv*v Jhqhudo Wkhru|/ lw
zurxjkw rqh ri wkh wzr yhulwdeoh uhyroxwlrqv lq hfrqrplf wkhru| lq wklv fhqwxu|
+Gxvw fryhu wh{w ri Nxhqqh +4<9:,,1
4
Dowkrxjk zh vwuhvv wkh lpsruwdqfh ri wkh frqwulexwlrq e| Dylqdvk Gl{lw dqg Mrvhsk
Vwljolw} +4<::, wkurxjkrxw wklv errn/ wkh klvwru| ri prqrsrolvwlf frpshwlwlrq lv pxfk orqjhu
wkdq wkh sdvw 58 |hduv ru vr dqg jrhv edfn dw ohdvw :3 |hduv1 Wkh vxffhvv ri wkh Gl{lw0Vwljolw}
prgho ri prqrsrolvwlf frpshwlwlrq pljkw kdyh frph dv d vxusulvh wr vwxghqwv ri wkh klvwru|
ri hfrqrplf wkrxjkw/ dv lw zdv e| qr phdqv wkh uvw dwwhpsw wr ghdo zlwk lpshuihfw pdunhwv
ru prqrsrolvwlf frpshwlwlrq1 Krzhyhu/ zkhuh wkh hduolhu dwwhpswv idlohg wkh Gl{lw0Vwljolw}
dssurdfk wxuqhg rxw wr eh yhu| vxffhvvixo dqg kdv wkh srwhqwldo iru fodvvlf vwdwxv +vhh
Qhdu|4/ wklv yroxph,1
Lq wklv lqwurgxfwlrq zh zloo eulh | uhylhz wkh wzr zdyhv ri olwhudwxuh rq prqrsrolvwlf
frpshwlwlrq wkhru|/ qdpho| wkh rqh wkdw vwduwhg lq 4<66 dqg wkh rqh wkdw frpphqfhg lq
4<::1 Wkh fodlp ri wklv errn lv wkdw wkh vhfrqg dwwhpsw wr prgho prqrsrolvwlf frpshwlwlrq
zdv idu pruh vxffhvvixo wkdq wkh uvw rqh/ hvvhqwldoo| ehfdxvh wkh vhfrqg dwwhpsw lqwurgxfhg
d irupdol}dwlrq wkdw kdg doo wkh uhohydqw fkdudfwhulvwlfv ri prqrsrolvwlf frpshwlwlrq exw zdv
vwloo uhodwlyho| hdv| wr kdqgoh1
Wklv froohfwlrqv ri sdshuv zloo vkrz wkdw wkh uh0irupxodwlrq e| Gl{lw dqg Vwljolw} kdv
frqwulexwhg vljqlfdqwo| wr pdq| duhdv ri uhvhdufk> wkh pdlq rqhv ehlqj lqwhuqdwlrqdo wudgh
wkhru|/ pdfurhfrqrplfv/ jurzwk wkhru| dqg hfrqrplf jhrjudsk|1 Exw hyhq wrgd| wkh frqfhsw
ri prqrsrolvwlf frpshwlwlrq lv qrw dozd|v dssuhfldwhg1 Dv Gdylg Nuhsv sxwv lw lq klv lq xhq0
wldo plfur wh{werrn 111zhuh lw qrw iru wkh suhvhqfh ri wklv wkhru| lq prvw orzhu ohyho wh{wv zh
zrxog ljqruh lw khuh dowrjhwkhu +4<<3/ s1 677,1 Nuhsv glvplvvhv prqrsrolvwlf frpshwlwlrq
dv ehlqj wrr xquhdolvwlf/ dqg fkdoohqjhv klv uhdghuv wr frph xs zlwk dw ohdvw rqh vhfwru wkdw
frxog frqylqflqjo| eh ghvfulehg e| prqrsrolvwlf frpshwlwlrq1 Wklv froohfwlrq ri hvvd|v/ krz0
hyhu/ wdnhv iru judqwhg wkdw wkh Gl{lw0Vwljolw} uhirupxodwlrq ri prqrsrolvwlf frpshwlwlrq kdv
ehfrph yhu| vxffhvvixo/ dqg dvnv zk| wkdw lv wkh fdvh1 Wklv grhv qrw phdq wkdw wkh dxwkruv
ri wkh hvvd|v duh xqfulwlfdo derxw wkh prgho1 Wkh dlp ri wklv froohfwlrq ri hvvd|v lv wr vkrz
zk| wkh prgho kdv ehfrph pdlqvwuhdp lq vxfk d vkruw shulrg ri wlph dqg zkdw zh fdq h{shfw
iurp ixwxuh ghyhorsphqwv uhjduglqj wkh prghoolqj ri lpshuihfw pdunhwv1
Wklv lqwurgxfwru| hvvd| lv rujdql}hg dv iroorzv1 Lq Vhfwlrq 5 zh eulh | glvfxvv wkh olwhudwxuh
suhgdwlqj wkh uvw prqrsrolvwlf frpshwlwlrq uhyroxwlrq1 Wklv olwhudwxuh vwurqjo| klqwhg dw wkh
lpsruwdqfh ri lqfuhdvlqj uhwxuqv wr vfdoh dqg lpshuihfw pdunhw irupv exw zdv xqdeoh wr frph
xs zlwk d vdwlvidfwru| prgho lq zklfk erwk skhqrphqd frxog sod| d phdqlqjixo uroh1
Lq Vhfwlrq 6 zh eulh | glvfxvv +zkdw zh fdoo, wkh uvw prqrsrolvwlf frpshwlwlrq uhyroxwlrq/
qdpho| wkh rqh wkdw zdv vwduwhg e| Hgzdug Kdvwlqjv Fkdpehuolq dqg Mrdq Urelqvrq lq wkh
4<63v1 Zh vkrz wkdw e| wkh plg 4<93v prvw +exw qrw doo, ohdglqj hfrqrplvwv kdg frph wr
wkh frqfoxvlrq wkdw wkh Fkdpehuolq0Urelqvrq uhyroxwlrq kdg hvvhqwldoo| idlohg1 Lq rxu ylhz/
wkhuh duh wzr uhdvrqv iru wklv odfn ri dffhswdqfh ri wkh wkhru|1 Iluvw/ wkh wlplqj ri wkh uvw
uhyroxwlrq zdv xqiruwxqdwh lq wkdw lw frlqflghg zlwk wkh Juhdw Ghsuhvvlrq dqg wkh hphujhqfh
4Dffruglqj wr Shwhu Qhdu|/ wkh uvw vwhs rq wkh urdg wr fodvvlf vwdwxv ^lv`= wr eh zlgho| flwhg exw qhyhu
uhdg1 +Wkh vhfrqg vwhs/ wr eh zlgho| txrwhg exw qhyhu flwhg,1
5
ri wkh Nh|qhvldq uhyroxwlrq lq pdfurhfrqrplfv1 Vhfrqg/ dqg shukdsv pruh lpsruwdqwo|/
Fkdpehuolq dqg fr0zrunhuv idlohg wr frph xs zlwk d fdqrqlfdo prgho hperg|lqj wkh nh|
hohphqwv ri wkh wkhru|1 Lw zdv qrw vr pxfk Fkdpehuolq*v lghdv wkdw zhuh uhmhfwhg exw udwkhu
klv prghoolqj dssurdfk wkdw zdv ghhphg wr eh xqzrundeoh1
Lq Vhfwlrq 7 zh wxuq wr wkh vhfrqg prqrsrolvwlf frpshwlwlrq uhyroxwlrq/ qdpho| wkh vxf0
fhvvixo rqh wkdw zdv vwduwhg lq wkh plg 4<:3v e| Gl{lw/ Vwljolw}/ dqg Plfkdho Vshqfh1 Wkh
wlplqj ri wklv vhfrqg uhyroxwlrq zdv pxfk ehwwhuwkhuh zhuh qr pdmru wkhru| uhyroxwlrqv ru
hfrqrplf fdwdvwurskhv jrlqj rq dw wkh wlph1 Pruh lpsruwdqwo|/ wkh vhfrqg uhyroxwlrq fdxjkw
rq ehfdxvh Gl{lw dqg Vwljolw} pdqdjhg wr frph xs zlwk d fdqrqlfdo prgho ri prqrsrolvwlf
frpshwlwlrq1 Zh suhvhqw d yhu| vlpsoh yhuvlrq ri wkh Gl{lw0Vwljolw} prgho dqg vkrz krz lw
pdqdjhv wr fdswxuh wkh nh| Fkdpehuolqldq lqvljkwv1
Ilqdoo|/ lq Vhfwlrq 8 zh suhvhqw d eurdg ryhuylhz ri wkh sdshuv lq wklv errn1
5 Suhfxuvru| Wkrxjkwv rq Lpshuihfw Frpshwlwlrq5
E| wkh hqg ri wkh qlqhwhhqwk fhqwxu| wzr pdunhw irupv grplqdwhg wkh glvfxvvlrq ri hfrqrplf
dqdo|vlv ri wkh wlph/ qdpho| prqrsro| dqg shuihfw frpshwlwlrq1 Wkh iruphu dvvxphv d vlqjoh
up zlwk h{foxvlyh frqwuro ryhu lwv rxwsxw dqg wkh pdunhw/ uhvxowlqj lq surwv wkdw duh odujhu
wkdq lq dq| rwkhu pdunhw irup1 Lq frqwudvw/ wkh odwwhu dvvxphv d odujh qxpehu ri vhoohuv ri
d krprjhqhrxv surgxfw/ zkhuh hdfk lqglylgxdo up kdv qr frqwuro ryhu lwv sulfh1 Iuhh hqwu|
dqg h{lw ri upv hqvxuhv wkdw orqj0uxq surwv duh }hur1 Shuihfw frpshwlwlrq zdv lqwurgxfhg
wr vkrz wkdw lq vrph vhqvh lw lv rswlpdo dqg lq idfw uhsuhvhqwv dq hqg0vwdwh/ phdqlqj wkdw
frpshwlwlrq ehwzhhq ex|huv ru vhoohuv kdv frph wr dq hqg dqg qhlwkhu sduw| fdq lqfuhdvh xwlolw|
ru surwv e| fkdqjlqj lwv ehkdylrxu1 Fkdqjhv rqo| rffxu li h{rjhqrxv yduldeohv fkdqjh/ exw
wkh txhvwlrq wkhq ehfrphv krz idvw dqg xqghu zkdw flufxpvwdqfhv wkh qhz htxloleulxp zloo
eh uhdfkhg1 Frpshwlwlrq pljkw qrw dfwxdoo| ohdg wr wkh eolvvixo vwdwh exw pdunhw irufhv duh
dozd|v srlqwlqj wkh hfrqrp| lq wkh uljkw gluhfwlrq16 Prqrsro| e| frqwudvw pd{lpl}hv surwv
ri wkh up exw iurp d vrfldo srlqw ri ylhz lv vxe0rswlpdo1
Wklv vwdwh ri ddluv lv uh hfwhg lq Doiuhg Pduvkdoo*v Sulqflsohv ri Hfrqrplfv/ wkdw suh0
vhqwhg wkhvh wzr pdunhw irupv dv wkh edvlf dqdo|wlfdo wrrov wr dqdo|}h pdunhwv1 Rwkhu pdunhw
irupv duh k|eulgv lq ehwzhhq wkhvh wzr srodu fdvhv17 Pdlqvwuhdp hfrqrplfv glg qrw erwkhu
5Rxu klvwrulfdo ryhuylhz lv udwkhu vxfflqfw gxh wr vsdfh frqvlghudwlrqv1 Lqwhuhvwhg uhdghuv duh uhihuuhg wr
Wul!q +4<73,/ Hdwrq dqg Olsvh| +4<;</ ss1 :940:99, dqg Dufkledog +4<;:/ ss1 8640867, iru pruh h{whqvlyh
vxuyh|v1
6Dv Duurz dqg Gheuhx vkrzhg/ lq jhqhudo wkh frqglwlrqv iru d xqltxh dqg vwdeoh +Zdoudvldq, htxloleulxp
duh wkdw +4, surgxfwlrq lv vxemhfw wr frqvwdqw ru glplqlvklqj uhwxuqv wr vfdoh/ +5, frpprglwlhv duh vxevwlwxwhv
+phdqlqj wkdw d sulfh lqfuhdvh udlvhv wkh ghpdqg iru rwkhu surgxfwv,/ +6, h{whuqdo hhfwv duh devhqw/ dqg
+7, wkhuh lv d frpsohwh iruzdug pdunhw iru doo jrrgv1 Hvshfldoo| dvvxpswlrqv +4, dqg +6, duh gursshg lq
prqrsrolvwlf frpshwlwlrq1
7Krzhyhu/ dffruglqj wr Vfkxpshwhu/ Pduvkdoo kdg qr wkhru| ri prqrsrolvwlf frpshwlwlrq1 Exw kh srlqwhg
wrzdug lw e| frqvlghulqj d up*v Vshfldo Pdunhw1 +Vfkxpshwhu/ 4<87/ s1 ;73,1
6
wrr pxfk wr dqdo|}h lpshuihfw pdunhw irupv/ ehfdxvh wkh odujh pdmrulw| ri fdvhv wkdw rffxu
lq sudfwlfh duh qrwklqj exw pl{wxuhv dqg k|eulgv ri wkhvh wzr +Vfkxpshwhu/ 4<87/ s1 <:8,1
Krzhyhu/ Pduvkdoo zdv dzduh wkdw rwkhu pdunhw irupv zhuh qrw vlpsoh frpelqdwlrqv ri
shuihfw frpshwlwlrq dqg prqrsro|1 Wkh vshfldo qdwxuh ri lpshuihfw pdunhwv zhuh frqyh|hg wr
klp lq wkh irup ri wkh gxrsro| prghov ghyhorshg e| Frxuqrw/ Ehuwudqg dqg Hgjhzruwk lq wkh
vhfrqg kdoi ri wkh qlqhwhhqwk fhqwxu|1 Hvshfldoo| wkh dqdo|vlv ri Frxuqrw +4;6;, zdv lpsruwdqw
iru klp/ dv lw kdqghg wr klp wkh dssdudwxv wr dqdo|}h pdunhw irupv lq wkh uvw sodfh1 Wkh
sureohp zlwk wkhvh prghov zdv wkdw wkh uhvxowv ghshqghg yhu| pxfk rq vshfldo dvvxpswlrqv/
dqg wklv pljkw kdyh suhfoxghg Pduvkdoo iurp frqwulexwlqj wr wklv olqh ri wkhru| klpvhoi1
Dowkrxjk Pduvkdoo glg qrw ghyhors klv rzq wkhru| ri lpshuihfw frpshwlwlrq/ klv dzduhqhvv
ri wkh vr0fdoohg Vshfldo Pdunhwv sdyhg wkh zd| iru odwhu wkhrulhv ri lpshuihfw frpshwlwlrq
ghyhorshg e| Fkdpehuolq dqg Urelqvrq1
Qrwzlwkvwdqglqj vrph ols0vhuylfh wr wkh wkhru| ri lpshuihfw frpshwlwlrq/ shuihfw frpsh0
wlwlrq grplqdwhg wkh dqdo|vlv gxulqj wklv wlph dqg rwkhu pdunhw irupv zhuh frqvlghuhg wr
eh clpshuihfw1* Krzhyhu/ lq shuihfw frpshwlwlrq/ zkhuh hdfk vhoohu ru ex|hu kdv qr lq xhqfh
rq pdunhw sulfhv/ wkhuh lv qr orqjhu urrp iru lqglylgxdo frpshwlwlrq/ dqg irufhv ohdglqj wr
lqgxvwu| jurzwk duh devhqw1 Wkh gl!fxow| zdv wkhq wr uhfrqfloh wkh wkhru| ri wkh pdunhw dqg
wkdw ri wkh lqglylgxdo up1 Vlpsoh revhuydwlrq ri uhdolw| riwhq frqwudglfwhg wkh frqfoxvlrqv
ri +sduwldo, vxsso| dqg ghpdqg dqdo|vlv= glplqlvklqj uhwxuqv iru wkh lqglylgxdo up lv qrw
dq revwdfoh wr h{sdqg surgxfwlrq1 Dqg/ pruh riwhq wkdq qrw/ dyhudjh frvwv duh glplqlvklqj
dw wkh srlqw zhuh upv vwrs h{sdqglqj rxwsxw1 Wklv vwdwh ri ddluv wurxeohg Pduvkdoo/ dv
ghfuhdvlqj +dyhudjh, frvw fxuyhv duh lqfrpsdwleoh zlwk shuihfw frpshwlwlrq1 Pduvkdoo wulhg
wr vroyh wklv e| lqwurgxflqj glplqlvklqj uhwxuqv iru wkh lqglylgxdo up +iru lqglylgxdo upv/
surgxfwlrq idfwruv duh lq {hg vxsso|,/ dqg h{whuqdo hfrqrplhv iru wkh zkroh lqgxvwu|1 Wkh
lqwurgxfwlrq ri h{whuqdo hfrqrplhv ri vfdoh dw wkh lqgxvwu| ohyho hqvxuhg wkdw wkh frpshwlwlyh
htxloleulxp frxog eh uhvfxhg1 Wkh fhqwudo lghd lv wkdw h{whuqdo hfrqrplhv ri vfdoh fuhdwh dq
lqwhughshqghqfh ehwzhhq vxsso| fxuyhv> wkh frpelqhg vxsso| ri doo upv uhgxfhv lqgxvwu|
frvwv dqg hqvxuhv wkdw wkh frpelqdwlrq ri orzhu sulfhv dqg lqfuhdvhg vxsso| fdq eh dq htxl0
oleulxp1 H{whuqdo hfrqrplhv ri vfdoh duh frpsdwleoh zlwk dq lqgxvwu| htxloleulxp/ ehfdxvh dq
lqfuhdvh lq ghpdqg zloo vwloo lqfuhdvh wkh sulfh iru lqglylgxdo upv/ dv wkh pdujlqdo frvw fxuyh
ri hdfk up lv xszdug vorslqj dqg hdfk up lv rshudwlqj dw wkh plqlpxp ri lwv dyhudjh frvw
fxuyh1 Wkh sulfh lqfuhdvh frxog vwlpxodwh qhz upv wr hqwhu wkh pdunhw/ uhgxflqj +dyhudjh,
frvwv dqg udlvlqj frpelqhg vxsso|1 Zlwk lqwhuqdo hfrqrplhv ri vfdoh d pdunhw htxloleulxp lv
qrw srvvleoh dv hdfk lqglylgxdo up fdq dozd|v xqghufxw lwv ulydov1
Dffruglqj wr Pduvkdoo zkhwkhu ru qrw h{whuqdo hfrqrplhv frxog eh hqfrxqwhuhg lq sudfwlfh
ghshqghg rq wkh jhqhudo fkdudfwhulvwlfv ri dq lqgxvwu| dqg wkh hqylurqphqw ri wkh lqgxvwu|/
olnh wkh orfdol}dwlrq ri dq lqgxvwu|1 Lq Pduvkdoo*v zrugv=
111vxevlgldu| wudghv jurz xs lq wkh qhljkerxukrrg/ vxsso|lqj lw zlwk lpsohphqwv
7
dqg pdwhuldov/ rujdql}lqj lwv wud!f/ dqg lq pdq| zd|v frqgxflqj wr wkh hfrq0
rp| ri lwv pdwhuldo111wkh hfrqrplf xvh ri h{shqvlyh pdfklqhu| fdq vrphwlphv eh
dwwdlqhg lq d yhu| kljk ghjuhh lq d glvwulfw lq zklfk wkhuh lv d odujh djjuhjdwh
surgxfwlrq ri wkh vdph nlqg/111vxevlgldu| lqgxvwulhv ghyrwlqj wkhpvhoyhv hdfk wr
rqh vpdoo eudqfk ri wkh surfhvv ri surgxfwlrq/ dqg zrunlqj lw iru d juhdw pdq| ri
wkhlu qhljkerxuv/ duh deoh wr nhhs lq frqvwdqw xvh pdfklqhu| ri wkh prvw kljko|
vshfldol}hg fkdudfwhu/ dqg wr pdnh lw sd| lwv h{shqvhv111 +Pduvkdoo/ 4<53/ s1 558,
Lq prghuq mdujrq wkh olqndjhv ghvfulehg lq wklv txrwdwlrq duh vr0fdoohg edfnzdug dqg
iruzdug olqndjhv> wkh edfnzdug olqndjh lv wkdw upv xvh rwkhu upv* rxwsxw dv lqwhuphgldwh
surgxfwlrq idfwruv/ wkh iruzdug olqndjh lv wkdw lwv rzq surgxfw lv dovr xvhg dv dq lqwhuphgldwh
surgxfwlrq idfwru e| rwkhuv1
Ixuwkhupruh/ dffruglqj wr Pduvkdoo d wklfn oderxu pdunhw dovr ehqhwv upv=
Hpsor|huv duh dsw wr uhvruw wr dq| sodfh zkhuh wkh| duh olnho| wr qg d jrrg fkrlfh
ri zrunhuv zlwk wkh vshfldo vnloo zklfk wkh| uhtxluh> zkloh phq vhhnlqj hpsor|phqw
qdwxudoo| jr wr sodfhv zkhuh wkhuh duh pdq| hpsor|huv zkr qhhg vxfk vnloo dv wkhluv
dqg zkhuh wkhuhiruh lw lv olnho| wr qg d jrrg pdunhw1 +Pduvkdoo/ 4<53/ s1 55809,
Wkhvh idfwruv frpelqhg h{sodlq lqgxvwu| jurzwk dqg vkrz zk|=
111wkh p|vwhulhv ri wkh wudgh ehfrph qr p|vwhulhv> exw duh dv lw zhuh lq wkh dlu111li
rqh pdq vwduwv d qhz lghd/ lw lv wdnhq xs e| rwkhuv dqg frpelqhg zlwk vxjjhvwlrqv
ri wkhlu rzq> dqg wkxv lw ehfrphv wkh vrxufh ri ixuwkhu qhz lghdv +Pduvkdoo/ 4<53/
s1 558,
Iru Pduvkdoo/ krzhyhu/ klv dqdo|vlv ri h{whuqdo hfrqrplhv fuhdwhg dq dgglwlrqdo sureohp/
ehfdxvh kh wkrxjkw wkdw lqwhuqdo hfrqrplhv ri vfdoh zhuh dw ohdvw dv lpsruwdqw dv h{whuqdo
hfrqrplhv1 Lq wkh suhvhqfh ri lqwhuqdo hfrqrplhv ri vfdoh wkh jurzwk ri dq lqgxvwu| zrxog
ehqhw wkh odujhvw upv +dqg fuhdwh prqrsrolhv, dqg wkxv fkdqjh wkh frpshwlwlyh irufhv
zlwklq vxfk dq lqgxvwu|1 Iru frqvlvwhqf| uhdvrqv Pduvkdoo kdg wr lqwurgxfh wkh frqfhsw ri
wkh uhsuhvhqwdwlyh up wr ghdo zlwk wklv lqfrpsdwlelolw|1 E| lqwurgxflqj wkh uhsuhvhqwdwlyh
up/ shuihfw frpshwlwlrq dqg +h{whuqdo, hfrqrplhv ri vfdoh frxog eh pdgh frqvlvwhqw1 Wklv zdv
frqvlghuhg qhfhvvdu| vlqfh wkh hfrqrplf surihvvlrq dw wkh wlph frqvlghuhg shuihfw frpshwlwlrq
wkh uxoh dqg prqrsrolhv wkh h{fhswlrq1 Exw djdlq lq wklv fdvh/ dv zlwk shuihfw frpshwlwlrq/
vwudwhjlf lqwhudfwlrq ehwzhhq upv kdv ehhq dvvxphg dzd| ehfdxvh upv duh e| dvvxpswlrq
uhsuhvhqwdwlyh iru wkh zkroh lqgxvwu|1
Exw wkh frqvlvwhqf| sureohpv lq Pduvkdoo*v dqdo|vlv ri wkh pdunhw zhuh qrw vroyhg hyhq
e| wkh uhsuhvhqwdwlyh up1 Pduvkdoo*v idprxv shulrg dqdo|vlv dvvxphg wkdw lq wkh orqj uxq
wkh vxsso| fxuyh zdv d vwudljkw olqh1 Dqg wklv phdqv wkdw lq wkh orqj uxq wkh yroxph ri
surgxfwlrq ri dq lqglylgxdo up lv lqghwhuplqdwh= wkhuh lv qr xqltxh lqwhuvhfwlrq ri wkh
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vxsso| fxuyh dqg d jlyhq sulfh1 Vr/ Pduvkdoo*v wkhru| ri shuihfw frpshwlwlrq kdv qr zd|
ri ghdolqj zlwk vlwxdwlrqv zkhuh wkh +orqj0uxq, pdujlqdo frvwv duh frqvwdqw +ru ghfolqlqj lq
wkh suhvhqfh ri hfrqrplhv ri vfdoh,1 Wklv vwdwh ri ddluv zdv prvw srljqdqwo| sxw iruzdug e|
Vudd +4<59,1 Dffruglqj wr Vudd pdunhw lpshuihfwlrqv gxh wr uhwxuqv wr vfdoh duh qrw vlpsoh
iulfwlrqv/ exw duh wkhpvhoyhv dfwlyh irufhv zklfk surgxfh shupdqhqw dqg hyhq fxpxodwlyh
hhfwv1 Dqg kh dgghg |hw dqrwkhu sureohp1 Ghfolqlqj pdujlqdo frvwv zrxog lpso| wkdw
wkh pdunhw lv vhuyhg e| d vlqjoh up1 Exw/ dffruglqj wr Vudd/ lq sudfwlfh upv rshudwh
xqghu ghfolqlqj pdujlqdo frvwv zlwkrxw prqrsrol}lqj wkh zkroh pdunhw1 Dffruglqj wr klp/
wkh frpelqdwlrq ri d ghfolqlqj vxsso| fxuyh dqg d qhjdwlyho| vorshg ghpdqg fxuyh olplwv
wkh vl}h ri surgxfwlrq1 Wkh lghd ehklqg d ghfolqlqj ghpdqg fxuyh lv wkdw ex|huv duh qrw
lqglhuhqw ehwzhhq glhuhqw vxssolhuv1 Hdfk up kdv klv rzq vshfldo pdunhw > surgxfwv duh
xvxdoo| lpshuihfw vxevwlwxwhv dqg kdyh wkhlu rzq vshfldo fkdudfwhulvwlfv1
Lq d vhqvh Vudd dgghg wr wkh frqixvlrq udwkhu wkdq vroylqj wkh sureohp ri frpelqlqj
lqfuhdvlqj uhwxuqv dqg wkh wkhru| ri pdunhw frpshwlwlrq1 Wkh huuru Vudd pdgh zdv wkdw
kh glg qrw glvwlqjxlvk ehwzhhq sulfh dqg pdujlqdo uhyhqxh/ zklfk zdv uhpdundeoh ehfdxvh
wkh frqfhsw ri pdujlqdo uhyhqxh kdg douhdg| ehhq ghyhorshg lq d pdwkhpdwlfdo dsshqgl{ lq
Pduvkdoo*v Sulqflsohv/ lq zklfk kh uhvwdwhv wkh prqrsro| wkhru| ghyhorshg e| Frxuqrw18 Wklv
zdv srlqwhg rxw +djdlq, e| Kduurg lq 4<6319 Iru Pduvkdoo lw zdv d plqru lvvxh dqg kh glg qrw
pdnh xvh ri wklv lqvwuxphqw dq| ixuwkhu/ ehfdxvh kh glg qrw qhhg lw lq klv dqdo|vlv ri shuihfw
frpshwlwlrq1
Wklv zdv eurdgo| vshdnlqj wkh vwdwh ri ddluv lq wkh 4<53v dqg 4<63v1 Lw zdv uhdol}hg wkdw
wkh h{lvwhqfh ri hfrqrplhv ri vfdoh +ri rqh vruw ru dqrwkhu, lpsolhv lpshuihfw pdunhw irupv/
exw lw uhpdlqhg gl!fxow wr frqvwuxfw d vdwlvidfwru| htxloleulxp frqfhsw iru vxfk lpshuihfw
pdunhw irupv1 Rq wkh rqh kdqg wkhuh zdv shuihfw frpshwlwlrq/ dqg rq wkh rwkhu kdqg wkhuh
zdv prqrsro|1 Rwkhu pdunhw irupv zhuh frqvlghuhg wr eh vrph nlqg ri k|eulg ri wkhvh wzr
h{wuhph irupv ri frpshwlwlrq1 Vr/ rqh frxog vx!fh wr dqdo|}h wkh wzr h{wuhph fdvhv lq
wuhdwlqj doo rwkhu irupv dv dq lpsolflw pl{ ri wkh wzr ixqgdphqwdo irupv ri frpshwlwlrq1
Exw qr vdwlvidfwru| wkhru| ri wkh pdunhw h{lvwhg lq zklfk frqvwdqw ru ghfolqlqj pdujlqdo dqg
dyhudjh frvwv frxog eh pdgh frqvlvwhqw zlwk pdunhw htxloleulxp1 Wklv ohg lq wkh 4<63v wr
d qhz wkhru| ri sulfh ghwhuplqdwlrq1 Rqh fdq djuhh zlwk Vfkxpshwhu +4<87/ s1 4483, wkdw
wkh frqixvlrq fdxvhg e| Pduvkdoo zdv d yhu| ihuwloh rqh1: Pduvkdoo*v dqdo|vlv ri wkh up dqg
8Pduvkdoo fdvwv klv dqdo|vlv lq whupv ri qhw uhyhqxh/ dqg rqo| lpsolflwo| glvfxvvhv pdujlqdo uhyhqxh1 Wkh
frqfhsw ri pdujlqdo uhyhqxh kdg wr eh uh0lqyhqwhg +Urelqvrq/ 4<66,1 Wklv lv hyhq pruh vxusulvlqj frqvlghu0
lqj wkdw Frxuqrw douhdg| xvhg wkh frqfhsw ri pdujlqdo uhyhqxh lq 4;6;/ dqg ghulyhg wkh idploldu uvw0rughu
frqglwlrq iru surw pd{lpl}dwlrq= pdujlqdo uhyhqxh htxdov pdujlqdo frvw +Frxuqrw/ 4;6;,1
9Vhh Kduurg +4<9:, iru d uhylhz ri klv wkrxjkwv rq wklv pdwwhu1
:Fkdpehuolq/ iru h{dpsoh/ dwwulexwhg wkh ruljlqv dqg lqvsludwlrq ri klv wkhru| wr wkh idprxv Wdxvvlj0Sljrx
frqwuryhuv| rq udlozd| udwhv zklfk wrrn sodfh durxqg 4<331 Wklv frqwuryhuv| zdv derxw wkh h{sodqdwlrq ri
glhuhqw udlozd| udwhv1 Wdxvvlj wulhg wr w glhuhqw udlozd| udwhv lqwr wkh Pduvkdooldq wkhru| ri +frpshwlwlyh,
mrlqw vxsso| e| dvvxplqj wkdw d xqlw udlo vxsso| lv qrw krprjhqrxv dqg wkdw glhuhqw ghpdqg hodvwlflwlhv iru
glhuhqw vwuhwfkhv ri udlozd| uhvxow lq glhuhqw sulfhv1 Lq frqwudvw/ Sljrx vwdwhg wkdw lw zdv qrw dq lvvxh ri
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hfrqrplhv ri vfdoh ohg klp wr ghyhors wkh frqfhsw ri wkh uhsuhvhqwdwlyh up zklfk lqylwhg
d olyho| glvfxvvlrq rq pdunhw htxloleulxp dqg uhwxuqv wr vfdoh dqg wklv vhw wkh vwdjh iru wkh
dqdo|vlv ri prqrsrolvwlf frpshwlwlrq1
6 Prqrsrolvwlf Frpshwlwlrq lq wkh 4<63v
Lq 4<66 wzr errnv dsshduhg wkdw fkdqjhg wkh zd| hfrqrplvwv ghdow zlwk lpshuihfw frpsh0
wlwlrq/ qdpho| Mrdq Urelqvrq*v Wkh Hfrqrplfv ri Lpshuihfw Frpshwlwlrq dqg Hgzdug Kdvw0
lqjv Fkdpehuolq*v Wkh Wkhru| ri Prqrsrolvwlf Frpshwlwlrq1 Dowkrxjk Urelqvrq uhylyhg
wkh pdujlqdo uhyroxwlrq/ lq jhqhudo Fkdpehuolq lv frqvlghuhg wr eh wkh wuxh uhyroxwlrqdu|
+Eodxj/ 4<<:/ s1 6:9,1; Wklv udglfdo qhz dqdo|vlv zdv d uvw dqvzhu wr wkh txhvwlrq wkdw zdv
udlvhg lq 4<59 e| Vudd= lv lw srvvleoh lq d pdunhw fkdudfwhul}hg e| prqrsrolvwlf frpshwlwlrq
dqg ghfolqlqj dyhudjh dqg pdujlqdo frvwv wr uhdfk dq htxloleulxp1 Wkh jxuh ehorz looxvwudwhv
wkh htxloleulxp lq wkh prqrsrolvwlf htxloleulxp1 Fkdpehuolq pdnhv irxu edvlf dvvxpswlrqv
+Elvkrs/ 4<9:/ s1 585,=
 Wkh qxpehu ri vhoohuv lq d jurxs ri upv lv vx!flhqwo| odujh vr wkdw hdfk up wdnhv wkh
ehkdylrxu ri rwkhu upv lq wkh jurxs dv jlyhq +Frxuqrw0Qdvk dvvxpswlrq,1
 Wkh jurxs lv zhoo ghqhg dqg vpdoo uhodwlyh wr wkh hfrqrp|1
 Surgxfwv duh sk|vlfdoo| vlplodu exw hfrqrplfdoo| glhuhqwldwhg= ex|huv kdyh suhihuhqfhv
iru doo w|shv ri surgxfwv1
 Wkhuh lv iuhh hqwu| dqg h{lw1
Wkh prqrsrolvwlf hohphqwv duh doo wkrvh hohphqwv wkdw glvwlqjxlvk d surgxfw iurp dqrwkhu
surgxfw dqg jlyh wkh up vrph pdunhw srzhu> 111hdfk csurgxfw* lv uhqghuhg xqltxh e| wkh
lqglylgxdolw| ri wkh hvwdeolvkphqw lq zklfk lw lv vrog/ lqfoxglqj lwv orfdwlrq +dv zhoo dv e|
wudgh pdunv/ txdolwdwlyh glhuhqfhv/ hwf,> wklv lv lwv prqrsrolvwlf dvshfw +Fkdpehuolq/ 4<66/
s1 96,1 Wkh odujh qxpehu ri upv lq wkh pdunhw dqg wkh srvvlelolw| ri hqwu| dqg h{lw ri pdq|
upv surylgh wkh frpshwlwlyh hohphqwv> Hdfk +surgxfw, lv vxemhfw wr wkh frpshwlwlrq ri rwkhu
csurgxfwv* vrog xqghu glhuhqw flufxpvwdqfhv dqg dw rwkhu orfdwlrqv> wklv lv lwv frpshwlwlyh
dvshfw +4<66/ s1 96,1
Zh looxvwudwh wkh Fkdpehuolqldq prgho zlwk wkh dlg ri Iljxuh 41< Zh dvvxph wkdw doo
dfwxdo dqg srwhqwldo vxssolhuv lq wkh jurxs idfh wkh vdph ghpdqg dqg frvw frqglwlrqv dqg
ghslfw wkh vlwxdwlrq iru rqh sduwlfxodu up lq lvrodwlrq1 Wkhuh duh wzr ghpdqg fxuyhv lq
khwhurjhqhlw|/ exw ri prqrsro| frxsohg zlwk wkh frqglwlrqv qhfhvvdu| iru sulfh glvfulplqdwlrq zklfk frxog
h{sodlq sulfh glhuhqfhv1 Lq jhqhudo lw lv wkrxjkw wkdw Sljrx zrq wkh ghedwh1
;Pruhryhu/ wkh klvwru| ri Fkdpehuolq*v vhplqdo zrun gdwhv edfn wr 4<54vhh wkh uhpdunv e| Vfkxpshwhu
+4<87/ s1 4483,1





















Iljxuh 4= Fkdpehuolqldq prqrsrolvwlf frpshwlwlrq htxloleulxp
wkh gldjudp1 Wkh lqglylgxdo up xqghu frqvlghudwlrq idfhv ghpdqg fxuyh g1 Wklv fxuyh
uhsuhvhqwv wkh up*v sulfh0vdohv frpelqdwlrqv xqghu wkh dvvxpswlrq wkdw doo rwkhu upv lq
wkh jurxs nhhs wkhlu sulfhv xqfkdqjhg1 Dufkledog fdoov wklv wkh cshufhlyhg* ghpdqg fxuyh
+4<;:/ s1 865,1 Wkh vwhhshu fxuyh odehoohg G lv wkh ghpdqg idflqj hdfk up li doo upv lq
wkh jurxs vhw wkhlu sulfhv lghqwlfdoo|1 Dufkledog +4<;:/ s1 865, uhihuv wr wklv fxuyh dv wkh
cvkduh0ri0wkh0pdunhw* ghpdqg fxuyh1 Dv xvxdo PU lv pdujlqdo uhyhqxh +dvvrfldwhg zlwk wkh
shufhlyhg ghpdqg fxuyh g,/ DF lv wkh up*v dyhudjh frvw/ PF lv pdujlqdo frvw/ S lv wkh sulfh
ri wkh glhuhqwldwhg frpprglw|/ dqg [ lv wkh yroxph ri vdohv1
Wkh Fkdpehuolqldq htxloleulxp xqghu iuhh hqwu|2h{lw ri upv lv dw srlqw H/ zkhuh wkh sulfh
lv S6 dqg rxwsxw lv [61 Srlqw H lv wkh htxloleulxp ehfdxvh +d, wkh lqglylgxdo up dwwdlqv dq
rswlpxp lq wkdw srlqw/ dqg +e, wkhuh duh qr xqh{sorlwhg surw rssruwxqlwlhv/ h{fhvv surwv
duh h{dfwo| }hur/ dqg qr hqwu|2h{lw ri upv wdnhv sodfh1 Wkh ydolglw| ri wkhvh uhtxluhphqwv
fdq eh ghprqvwudwhg dv iroorzv1 Wkh lqglylgxdo up pd{lpl}hv lwv surw/ wdnlqj dv jlyhq wkh
ghpdqg fxuyh g1 Lw qgv wkh rswlpxp srlqw e| htxdwlqj pdujlqdo uhyhqxh dqg pdujlqdo frvw
+vhh srlqw D gluhfwo| ehorz srlqw H,1 Lq srlqw H wkh ghpdqg fxuyh g lv wdqjhqw wr wkh dyhudjh
frvw fxuyh/ DF/ vr wkh up pdnhv }hur surwv1 Wklv lv wkh idprxv Fkdpehuolqldq wdqjhqf|
frqglwlrq1 Vlqfh doo upv duh lghqwlfdo/ qr up pdnhv surwv ru orvvhv dqg wkhuh lv qr hqwu|
ru h{lw ri upv1
;
Fkdpehuolq +4<66/ s1 <4, dovr vnhwfkhg wkh dgmxvwphqw surfhvv wrzdugv wkh htxloleulxp
srlqw1 Dvvxph wkdw doo upv lq wkh jurxs duh lqlwldoo| rshudwlqj dorqj wkh ghpdqg fxuyh g
dw srlqw E/ vhw d sulfh ri S / dqg surgxfh d txdqwlw| [ 1 Dw wklv sulfh0rxwsxw frpelqdwlrq/
hdfk up zrxog pdnh d srvlwlyh surw htxdo wr wkh vkdghg duhd lq Iljxuh 41 Exw srlqw E
fdqqrw eh dq htxloleulxp1 Lqghhg/ lq wkdw srlqw wkh lqglylgxdo up zloo kdyh dq lqfhqwlyh
wr orzhu lwv sulfh +dqg lqfuhdvh lwv surwv, e| prylqj wr wkh uljkw dorqj wkh g fxuyh +uhfdoo
wkdw hdfk up rshudwhv xqghu wkh dvvxpswlrq wkdw lwv frpshwlwruv zloo frqwlqxh wr fkdujh
S ,1 Exw hdfk up kdv h{dfwo| wkh vdph lqfhqwlyhv/ vr wkh| zloo doo iroorz vxlw dqg fxw wkhlu
sulfhv1 Dv d uhvxow wkh g fxuyh zloo vkliw grzq dorqj wkh G fxuyh wrzdugv wkh Fkdpehuolqldq
htxloleulxp dw srlqw H143
Reylrxvo|/ gxh wr wkh grzqzdug vorslqj lqglylgxdo ghpdqg fxuyh/ wkhuh lv d glhuhqfh eh0
wzhhq htxloleulxp dyhudjh frvw dqg plqlpxp dyhudjh frvw lq wkh Fkdpehuolqldq htxloleulxp1
Wklv lpsolhv wkdw wkhuh duh xqh{sorlwhg hfrqrplhv ri vfdoh dqg wkh txhvwlrq dulvhv zkhwkhu
wklv uhsuhvhqwv d zdvwh ri uhvrxufhv1 Wkh dqvzhu wr wklv txhvwlrq lv erwk |hv dqg qr1 \hv/ lq
wkh vhqvh wkdw lqghhg wkhuh lv h{fhvv fdsdflw| dqg qr/ lq wkh vhqvh wkdw surgxfw glhuhqwldwlrq
lqwurgxfhv ydulhw| dqg wklv h{sdqgv wkh h{whqw ri frqvxphu fkrlfhv dqg wkhuhe| zhoiduh1 Dv
Hdwrq dqg Olsvh| sxw lw/ lq d vrflhw| wkdw ydoxhv glyhuvlw|/ wkhuh lv d wudgh0r ehwzhhq hfrq0
rpl}lqj rq uhvrxufhv/ e| uhgxflqj wkh frvwv ri surgxflqj h{lvwlqj surgxfwv/ dqg vdwlvi|lqj wkh
ghvluh iru glyhuvlw|/ e| lqfuhdvlqj wkh qxpehu ri surgxfwv +4<;</ s1 :96,1 Zh zloo uhwxuq wr
wklv wrslf lq pruh ghwdlo zkhq glvfxvvlqj wkh vhfrqg prqrsrolvwlf frpshwlwlrq uhyroxwlrq1
Jlyhq wkh hohjdqfh ri wkh prqrsrolvwlf frpshwlwlrq prgho lw lv vxusulvlqj wr vhh krz olwwoh
lq xhqfh lw kdg rq hfrqrplf wkhru|1 Wkh uvw dwwdfnv rq wkh hduo| prqrsrolvwlf frpshwlwlrq
uhyroxwlrq fdph iurp Klfnv +4<6</ ss1 ;60;8, dqg vrphzkdw odwhu iurp Vwljohu +4<7<, dqg
Iulhgpdq +4<86,1 Klfnv uhmhfwhg wkh wkhru| ehfdxvh kh zdv xqdeoh wr wudqvodwh lw lqwr d
zrundeoh prgho1 Vwljohu +4<7<, uhmhfwhg wkh wkhru| iru phwkrgrorjlfdo uhdvrqv1 Kh fodlphg
wkdw wkh suhglfwlrqv ghulyhg iurp wkh wkhru| ri prqrsrolvwlf frpshwlwlrq duh qrw yhu| glhuhqw
iurp wkrvh ri shuihfw frpshwlwlrq1 Rffdp*v ud}ru wkhq vxjjhvwv wkdw shuihfw frpshwlwlrq
vkrxog eh idyrxuhg ryhu prqrsrolvwlf frpshwlwlrq/ d olqh ri uhdvrqlqj wr zklfk Iulhgpdq dovr
dgkhuhv1 Lw zdv sxw iruzdug hyhq pruh vwurqjo| e| Dufkledog +4<94/ s147,= Wkh wkhru| lv
qrw wrwdoo| hpsw|/ exw yhu| qhduo| vr +vhh dovr Vdpxhovrq +4<9:, iru d ixuwkhu glvfxvvlrq ri
wklv ghedwh ,1 Lq dgglwlrq Vwljohu udlvhg dq lpsruwdqw srlqw e| qrwlqj wkdw=
Surihvvru Fkdpehuolq*v idloxuh wr frqvwuxfw dq dqdo|wlfdo v|vwhp fdsdeoh ri ghdolqj
lqirupdwlyho| zlwk klv slfwxuh ri uhdolw| lv qrw kdug wr h{sodlq1 Wkh ixqgdphqwdo
idfw lv wkdw/ dowkrxjk Fkdpehuolq frxog wkurz r wkh vkdfnohv ri Pduvkdoo*v ylhz
ri hfrqrplf olih/ kh frxog qrw wkurz r wkh vkdfnohv ri Pduvkdoo*v ylhz ri hfrqrplf
43Qrwh wkdw wkh srvlwlrq ri wkh G fxuyh ghshqgv rq wkh qxpehu ri upv lq wkh jurxs1 Lq Iljxuh 4/ G lv
frqvlvwhqw zlwk wkh Fkdpehuolqldq htxloleulxp dw H1 Dv d uhvxow/ wkh wkrxjkw h{shulphqw frqgxfwhg deryh
grhv qrw surpsw hqwu| ri upv1 Lw mxvw vkrzv wkdw H lv wkh rqo| frqfhlydeoh Fkdpehuolqldq +Frxuqrw0Qdvk,
htxloleulxp1
<
dqdo|vlv1 Pduvkdoo*v whfkqltxh zdv dssursuldwh wr wkh sureohp vhw wr lw= lw ghdov
lqirupdwlyho| dqg zlwk wrohudeoh orjlf zlwk wkh zruog ri frpshwlwlyh lqgxvwulhv
dqg prqrsrolhv1 Exw lw lv orvw lq wkh vhd ri glyhuvlw| dqg xqv|vwhpdwlvp/ dqg
Fkdpehuolq lv orvw zlwk lw1 Vwljohu +4<7</ s1 55,1
Dufkledog +4<;:/ s1 865, phqwlrqv wzr ixuwkhu fulwlflvpv wkdw zhuh udlvhg djdlqvw wkh
Fkdpehuolqldq prgho1 Iluvw/ wkh qrwlrq ri wkh cjurxs* +ri surgxfwv, zdv loo0ghqhg1 Lq wkh
frpprq ghqlwlrq/ jrrgv ehorqj wr d jurxs li +4, wkh furvv0hodvwlflw| ri ghpdqg ehzhhq wkhvh
jrrgv lv ckljk* dqg +5, wkh furvv0hodvwlflw| ehwzhhq jrrgv lq wkh jurxs dqg doo rwkhu jrrgv
lv corz*1 Wkh sureohp zlwk wklv ghqlwlrq lv wkdw wkhuh lv qr orjlfdo zd| wr ghwhuplqh zkdw
lv d kljk hodvwlflw| dqg zkdw lv d orz rqh1 Vhfrqg/ Ndogru +4<67/ 4<68, vxjjhvwhg yhu| hduo|
rq wkdw uhdolw| pd| eh ehwwhu dssur{lpdwhg e| d pdunhw vwuxfwxuh zlwk fkdlqv ri ryhuods0
slqj roljrsrolhv +orfdol}hg frpshwlwlrq, wkdq e| Fkdpehuolq*v prqrsrolvwlfdoo| frpshwlwlyh
vwuxfwxuh1 Ri frxuvh/ lq vxfk dq roljrsrolvwlf vhwwlqj wkh Frxuqrw0Qdvk dvvxpswlrq lv fohduo|
xqwhqdeoh1
Qrw vxusulvlqjo|/ lq zhoo0nqrzq wh{werrnv wkdw dsshduhg lq wkh 4<93v dqg 4<:3v/ pr0
qrsrolvwlf frpshwlwlrq lv rqo| eulh | phqwlrqhg/ li dw doovhh iru h{dpsoh Khqghuvrq dqg
Txdqgw +4<:4, dqg Pdolqydxg +4<:5,1 Dnhuori +5335/ s1 746, uhfroohfwv derxw wklv shulrg
wkdw/ 111prqrsrolvwlf frpshwlwlrq dqg Mrdq Urelqvrq*v htxlydohqw zhuh wdxjkw lq judgxdwh
dqg hyhq xqghujudgxdwh frxuvhv1 Krzhyhu/ vxfk cvshflf* prghov 111zhuh suhvhqwhg qrw dv
fhqwudo vljkwv/ exw lqvwhdg dv h{fxuvlrqv lqwr wkh frxqwu|vlgh/ iru wkh dgyhqwxurxv ru wkrvh
zlwk dq h{wud gd| wr vsduh1
Wkh Ihvwvfkuliw wkdw zdv sxeolvkhg lq krqrxu ri Fkdpehuolq dovr sdlqwv d udwkhu eohdn
slfwxuh1 Kduu| Mrkqvrq/ iru h{dpsoh/ qrw rqo| revhuyhv wkdw wkh wkhru| kdg e| 4<9: qr
glvfhuqleoh lpsdfw rq wkh wkhru| ri lqwhuqdwlrqdo wudgh/ exw frqwlqxhv wkdw 111vrph ehjlqqlqjv
kdyh ehhq pdgh wrzdugv wkh dqdo|wlfdo dqg hpslulfdo dssolfdwlrq ri prqrsrolvwlf frpshwlwlrq
frqfhswv> exw wkh zrun kdv ehhq yhu| pxfk dg krf/ dqg pxfk v|qwkhvl}lqj uhpdlqv wr eh
grqh +4<9:/ s1 54;,1 Zkdw lv qhhghg lv dq rshudwlrqdoo| uhohydqw dqdo|wlfdo wrro fdsdeoh ri
idflolwdwlqj wkh txdqwlfdwlrq ri wkrvh dvshfwv ri uhdo0olih frpshwlwlrq111 +4<9:/ s1 54;,1
Exw qrw rqo| Mrkqvrq lv udwkhu vfhswlfdo rq wkh frqwulexwlrq ri prqrsrolvwlf frpshwlwlrq>
rwkhu frqwulexwruv vhhp wr kdyh wr vdph rslqlrq1 Ihooqhu/ iru lqvwdqfh/ frqfoxghv wkdw wkhvh
prghov duh frqyhqlhqw wrrov ri h{srvlwlrq rq vshflf v|pphwu| dvvxpswlrqv111Lq vlwxdwlrqv
odfnlqj wkhvh wudlwv ri v|pphwu|111^wkh|` orvh pxfk ri wkhlu xvhixoqhvv +4<9:/ s1 5<, dqg
Wlqehujhq +4<9:, revhuyhv wkdw wkh lq xhqfh rq hfrqrphwulfv dqg pdfurhfrqrplfv lv olplwhg1
Rqo| Sdxo Vdpxhovrq lv pruh srvlwlyh/ wkrxjk vwloo rq wkh ghihqvlyh/ dv wkh iroorzlqj udwkhu
ohqjwk| txrwdwlrq vkrzv=
Li wkh uhdo zruog glvsod|v wkh ydulhw| ri ehkdylru wkdw wkh Fkdpehuolq0Urelqvrq
prghov shuplwdqg L eholhyh wkh Fklfdjr zulwhuv duh vlpso| zurqj lq ghq|lqj
wkdw wkhvh lpsruwdqw hpslulfdo ghyldwlrqv h{lvwwkhq uhdolw| zloo idovli| pdq| ri
43
wkh lpsruwdqw txdolwdwlyh dqg txdqwlwdwlyh suhglfwlrqv ri wkh frpshwlwlyh prgho1
Khqfh/ e| wkh sudjpdwlf whvw ri suhglfwlrq dghtxdf|/ wkh shuihfw0frpshwlwlrq
prgho idlov wr eh dq dghtxdwh dssur{lpdwlrq111Wkh idfw wkdw wkh Fkdpehuolq0
Urelqvrq prgho lv chpsw|* lq wkh vhqvh ri uxolqj rxw ihz hpslulfdo frqjxudwlrqv
dqg ehlqj fdsdeoh ri surylglqj rqo| irupdolvwlf ghvfulswlrqv/ lv qrw wkh voljkwhvw
uhdvrq iru dedqgrqlqj lw lq idyru ri d cixoo* prgho ri wkh frpshwlwlyh w|sh li uhdolw|
lv vlploduo| chpsw|* dqg cqrq0ixoo1 +4<9:/ s1 43;q,
Vdpxhovrq frqfoxghv wkdw Fkdpehuolq/ Vudd/ Urelqvrq/ dqg wkhlu frqwhpsrudulhv kdyh ohg
hfrqrplvwv lqwr d qhz odqg iurp zklfk wkhlu fulwlfv zloo qhyhu hylfw xv +4<9:/ s1 46;,1
Lw pljkw kdyh frph dv d vxusulvh/ hyhq wr d uhodwlyh rswlplvw olnh Sdxo Vdpxhovrq/ wkdw wkh
wkhru| ri prqrsrolvwlf frpshwlwlrq zdv jlyhq d qhz ohdvh rq olih vr txlfno|1 Lqghhg/ ohvv wkdq
d ghfdgh diwhu wkh 4<9: Fkdpehuolq ihvwlylwlhv/ Gl{lw dqg Vwljolw} +4<::, pdqdjhg wr djdlq
sodfh prqrsrolvwlf frpshwlwlrq wkhru| rq wkh fhqwuh vwdjh1
7 Wkh Vhfrqg Prqrsrolvwlf Uhyroxwlrq
Dv zh srlqwhg rxw lq wkh suhylrxv vhfwlrq/ wkh prqrsrolvwlf frpshwlwlrq uhyroxwlrq e| qr
phdqv vwduwhg zlwk wkh vhplqdo duwlfoh e| Gl{lw dqg Vwljolw} +4<::,/ exw kdg douhdg| kdg d
orqj +dqg vrphzkdw wurxeohvrph, klvwru|1 Krzhyhu/ rqh ri wkh uhdvrqv zk| zh kdyh jdwkhuhg
wkh froohfwlrq ri sdshuv lq wkh suhvhqw yroxph lv wkdw zh fodlp wkdw wkh vhfrqg prqrsrolvwlf
frpshwlwlrq uhyroxwlrq kdv ehhq pxfk pruh vxffhvvixo wkdq wkh uvw1 Wkh uhdvrq iru wklv
vxffhvv lv wkdw Gl{lw dqg Vwljolw} pdqdjhg wr irupxodwh d fdqrqlfdo prgho ri Fkdpehuolqldq
prqrsrolvwlf frpshwlwlrq zklfk lv erwk hdv| wr xvh dqg fdswxuhv wkh nh| dvshfwv ri Fkdp0
ehuolq*v prgho1 Wkrxjk lw lv e| qrz zlgho| uhfrjql}hg wkdw wkh Gl{lw0Vwljolw} dssurdfk lv
vrphzkdw xquhdolvwlf/ lw kdv qhyhuwkhohvv ehfrph wkh zrunkruvh prgho lqfrusrudwlqj pr0
qrsrolvwlf frpshwlwlrq/ lqfuhdvlqj uhwxuqv wr vfdoh/ dqg hqgrjhqrxv surgxfw ydulhw|1 Dv lv
vwuhvvhg e| Shwhu Qhdu| lq wklv yroxph/ wkh pdlq frqwulexwlrqv ri wkh Gl{lw0Vwljolw} prgho
duh=44
 Wkh ghqlwlrq ri dq lqgxvwu| +ru odujh jurxs ri upv, lv vlpsolhg= doo surgxfw yd0
ulhwlhv duh v|pphwulf dqg duh frpelqhg lq d frqvwdqw0hodvwlflw|0ri0vxevwlwxwlrq +FHV,
djjuhjdwlrq ixqfwlrq +vhh ehorz,1
 Ryhudoo xwlolw| lv vhsdudeoh dqg krprwkhwlf45 lq lwv dujxphqwv/ lpso|lqj wkdw zh fdq xvh
44Wkhuh duh dfwxdoo| wzr prghov lq wkh ruljlqdo Gl{lw0Vwljolw} +4<::, sdshu/ zklfk wkh| odeho/ uhvshfwlyho|/
wkh Frqvwdqw Hodvwlflw| Fdvh dqg wkh Yduldeoh Hodvwlflw| Fdvh1 Wkh uvw prgho kdv ehfrph nqrzq dv wkh
Gl{lw0Vwljolw} prgho1 Qrwh wkdw erwk prghov kdyh ehhq xvhg lq lqwhuqdwlrqdo wudgh wkhru|/ qrwdeo| Nuxjpdq
+4<:</ 4<;3,1
45Wklv lv wkh pdlq glvwlqfwlrq iurp wkh prgho ghyhorshg e| Vshqfh +4<:9,/ zkr xvhv d txdvl0olqhdu xwlolw|
vshflfdwlrq1
44
d wzr0vwdjh exgjhwlqj surfhgxuh1 Lq wkh uvw vwdjh xvxdoo| d Free0Grxjodv vshflfdwlrq
lv xvhg/ dqg lq wkh vhfrqg vwdjh d FHV0xwlolw| ixqfwlrq lv dssolhg1
 Rq wkh surgxfwlrq vlgh/ whfkqrorj| ihdwxuhv lqfuhdvlqj uhwxuqv wr vfdoh dw up ohyho1
Wkh w|slfdo irupxodwlrq prghov wkh dyhudjh frvw fxuyh dv d uhfwdqjxodu k|shuerod1 Doo
upv duh v|pphwulfdo1
Lq wkh uhpdlqghu ri wklv vhfwlrq zh suhvhqw d yhu| vlpsoh yhuvlrq ri wkh Gl{lw0Vwljolw}
prgho dqg fkdudfwhul}h lwv nh| surshuwlhv1 Uhdghuv zkr duh idploldu zlwk wkh prgho pd| vnls
wklv vhfwlrq dqg surfhhg gluhfwo| wr vhfwlrq 8 ehorz1
714 Wkh prgho
71414 Suhihuhqfhv
Wkhuh duh wzr vhfwruv lq wkh hfrqrp|1 Wkh uvw vhfwru surgxfhv d krprjhqhrxv jrrg xqghu
frqvwdqw uhwxuqv wr vfdoh dqg ihdwxuhv shuihfw frpshwlwlrq1 Wkh vhfrqg vhfwru frqvlvwv ri d
odujh jurxs ri prqrsrolvwlfdoo| frpshwlwlyh upv zkr surgxfh xqghu lqfuhdvlqj uhwxuqv wr
vfdoh dw up ohyho1 Wkh xwlolw| ixqfwlrq ri wkh uhsuhvhqwdwlyh krxvhkrog46 lv Free0Grxjodv=
X @ ]B\ 3B> 3 ?  ? 4> +4,
zkhuh X lv xwlolw|/ ] lv frqvxpswlrq ri wkh krprjhqhrxv jrrg/ dqg \ lv wkh frqvxpswlrq ri
d frpsrvlwh glhuhqwldwhg jrrg1 Wklv frpsrvlwh jrrg frqvlvwv ri d exqgoh ri forvho| uhodwhg
surgxfw ydulhwlhv zklfk duh forvh exw lpshuihfw vxevwlwxwhv iru hdfk rwkhu1 Iroorzlqj wkh










> 4 ?  4> +5,
zkhuh Q lv wkh h{lvwlqj qxpehu ri glhuhqw ydulhwlhv/ [ lv frqvxpswlrq ri ydulhw| l/ dqg 
lv wkh Doohq0X}dzd furvv0sduwldo hodvwlflw| ri vxevwlwxwlrq1 Lqwxlwlyho|/ wkh kljkhu lv / wkh
ehwwhu vxevwlwxwhv wkh ydulhwlhv duh iru hdfk rwkhu147 Lq wklv irupxodwlrq/ 4@ +  4, fdswxuhv
wkh qrwlrq ri suhihuhqfh iru glyhuvlw| +ru oryh ri ydulhw|, dffruglqj wr zklfk krxvhkrogv
suhihu wr vsuhdg d fhuwdlq dprxqw ri surgxfwlrq ryhu Q glhuhqwldwhg jrrgv udwkhu wkdq
frqfhqwudwlqj lw rq d vlqjoh ydulhw| +vhh Eìqdvv| +4<<9, iru wklv ghqlwlrq,148
46Wkhuh lv d odujh qxpehu ri lghqwlfdo krxvhkrogv1 Wr dyrlg foxwwhulqj wkh qrwdwlrq/ krzhyhu/ zh qrupdol}h
wkh qxpehu ri krxvhkrogv wr xqlw|1
47 Lq wkh olplwlqj fdvh/ dv j dssurdfkhv lqqlw|/ wkh ydulhwlhv duh shuihfw vxevwlwxwhv/ l1h1 wkh| duh lghqwlfdo
jrrgv iurp wkh shuvshfwlyh ri wkh uhsuhvhqwdwlyh krxvhkrog1
48 Lq irupdo whupv dyhudjh SIG fdq eh frpsxwhg e| frpsdulqj wkh ydoxh ri frpsrvlwh frqvxpswlrq +t ,
rewdlqhg li  ydulhwlhv dqg f* xqlwv shu ydulhw| duh fkrvhq zlwk wkh ydoxh ri t li f xqlwv ri d vlqjoh ydulhw|
45
Wkh krxvhkrog idfhv wkh iroorzlqj exgjhw frqvwudlqw=
[
'
S[ . S~] @ L> +6,
zkhuh S lv wkh sulfh ri ydulhw| l/ S~ lv wkh sulfh ri wkh krprjhqhrxv jrrg/ dqg L lv krxvhkrog
lqfrph +vhh ehorz,1
Wkh krxvhkrog fkrrvhv ] dqg [ +iru l @ 4>    >Q, lq rughu wr pd{lpl}h xwlolw| +4,/
vxemhfw wr wkh ghqlwlrq ri frpsrvlwh frqvxpswlrq +5, dqg wkh exgjhw frqvwudlqw +6,/ dqg
wdnlqj dv jlyhq wkh jrrgv sulfhv dqg lwv lqfrph1 E| xvlqj wkh frqyhqlhqw wulfn ri wzr0vwdjh
exgjhwlqj zh rewdlq wkh iroorzlqj vroxwlrqv=49
S~] @ L> +7,
St \ @ +4 , L> +8,







> +l @ 4>    >Q,> +9,








Lqwxlwlyho|/ St uhsuhvhqwv wkh sulfh ri rqh xqlw ri \ jlyhq wkdw wkh txdqwlwlhv ri doo ydulhwlhv
duh fkrvhq lq dq rswlpdo +xwlolw|0pd{lpl}lqj, idvklrq e| wkh krxvhkrog14: Htxdwlrqv +7,0+8,
ihdwxuh wkh xvxdo uhvxow wkdw lqfrph vshqglqj vkduhv rq ] dqg \ duh frqvwdqw iru wkh Free0
Grxjodv xwlolw| ixqfwlrq1 Htxdwlrq +9, lv wkh ghpdqg fxuyh idflqj wkh surgxfhu ri ydulhw| l1




duh fkrvhq + ' ,=
dyhudjh SIG 
t Ef*cf*c cf*
t Efc fc cf
' *Ej3 +d,
Wkh hodvwlflw| ri wklv ixqfwlrq zlwk uhvshfw wr wkh qxpehu ri ydulhwlhv uhsuhvhqwv wkhpdujlqdo wdvwh iru dgglwlrqdo
ydulhw| zklfk sod|v dq lpsruwdqw uroh lq wkh prqrsrolvwlf frpshwlwlrq prgho1 E| xvlqj +d, zh rewdlq wkh





49Iru d shghvwuldq ghulydwlrq ri vxfk h{suhvvlrqv/ vhh iru h{dpsoh Eudnpdq/ Jduuhwvhq/ dqg ydq Pduuhzlmn
+5334/ fk1 6,1

















4; Lq ghulylqj wklv hodvwlflw|/ zh iroorz Gl{lw dqg Vwljolw} +4<::, e| ljqrulqj wkh hhfw ri  rq wkh sulfh
lqgh{ t 1 Vhh \dqj dqg Khlmgud +4<<6,/ Gl{lw dqg Vwljolw} +4<<6,/ dqg g*Dvsuhprqw hw do1 +4<<9, iru d ixuwkhu
glvfxvvlrq ri wklv srlqw1
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Qrwh wkdw htxdwlrq +9, surylghv d irupdo ghqlwlrq iru wkh lqglylgxdo up*v shufhlyhg
ghpdqg fxuyh +l1h1 wkh g fxuyh lq Iljxuh 4,1 Wr ghulyh wkh lqgxvwu| ghpdqg fxuyh +wkh G
fxuyh, zh srvwxodwh v|pphwu| +vhh ehorz,/ vhw S @ S dqg [ @ [ +iru doo l @ 4>    >Q,/








Zkhuhdv wkh g fxuyh ihdwxuhv d sulfh hodvwlflw| ri  +zklfk h{fhhgv xqlw| e| dvvxpswlrq,/
wkh Free0Grxjodv vshflfdwlrq hqvxuhv wkdw wkh G fxuyh lv xqlw hodvwlf/ l1h1 wkh lqgxvwu|
ghpdqg fxuyh lv ohvv hodvwlf wkdq wkh ghpdqg fxuyh idflqj lqglylgxdo upv/ dv zdv dvvhuwhg
e| Fkdpehuolq +4<66,/ dqg lv looxvwudwhg lq Iljxuh 4 zkhuh wkh G fxuyh lqwhuvhfwv wkh g fxuyh
iurp deryh1 1
71415 Whfkqrorj| dqg Sulflqj
Wkh vxsso| vlgh ri wkh hfrqrp| lv dv iroorzv1 Wkhuh lv rqh idfwru ri surgxfwlrq/ oderxu/ zklfk
lv shuihfwo| preloh dfurvv vhfwruv dqg dfurvv upv lq wkh prqrsrolvwlf vhfwru1 Dv d uhvxow/
wkhuh lv d vlqjoh zdjh udwh zklfk zh ghqrwh e| Z 1 Surgxfwlrq lq wkh krprjhqhrxv jrrgv





zkhuh O~ lv wkh dprxqw ri oderxu xvhg lq wkh ]0vhfwru dqg n~ lv wkh +h{rjhqrxv, whfkqrorj|
lqgh{ lq wkdw vhfwru1 Wkh ]0vhfwru rshudwhv xqghu shuihfw frpshwlwlrq dqg pdujlqdo frvw
sulflqj hqvxuhv wkdw wkhuh duh }hur surwv dqg wkh sulfh lv vhw dffruglqj wr=
S~ @ n~Z= +43,
Surgxfwlrq lq wkh prqrsrolvwlfdoo| frpshwlwlyh \ 0vhfwru lv fkdudfwhul}hg e| lqwhuqdo hfrqrplhv




3 li O  I
+4@nt , ^O  I ` li O  I
> +44,
zkhuh [ lv wkh pdunhwdeoh rxwsxw ri up l/ O lv oderxu xvhg e| wkh up/ I lv {hg frvw
lq whupv ri xqlwv ri oderxu/ dqg nt lv wkh +frqvwdqw, pdujlqdo oderxu uhtxluhphqw1 Wkh
irupxodwlrq fdswxuhv wkh qrwlrq wkdw wkh up pxvw h{shqg d plqlpxp dprxqw ri oderxu
+ryhukhdg oderxu, ehiruh lw fdq surgxfh dq| rxwsxw dw doo +vhh Pdqnlz/ 4<;;/ s1 <,1 Dv d
uhvxow/ wkhuh duh lqfuhdvlqj uhwxuqv wr vfdoh dw up ohyho dv dyhudjh frvw ghfolqhv zlwk rxwsxw14<
4<Qrwh wkdw +44, lpsolhv wkdw wkh dyhudjh frvw fxuyh ri dfwlyh upv lv d k|shuerod1 Wklv lv vwdqgdug lq wkh
Gl{lw0Vwljolw} prgho1 Prvw judsklfdo suhvhqwdwlrqv ri wkh Fkdpehuolqldq prgho xvh X0vkdshg dyhudjh frvw
47
Wkh surw ri up l lv ghqrwhg e|  dqg htxdov uhyhqxh plqxv wrwdo +oderxu, frvwv=
  S[ Z ^nt[ . I ` = +45,
Wkh up fkrrvhv lwv rxwsxw lq rughu wr pd{lpl}h surw +45, vxemhfw wr lwv sulfh0hodvwlf ghpdqg
fxuyh +9,/ ljqrulqj wkh hhfwv lwv ghflvlrqv pd| kdyh rq St dqg2ru L +vhh irrwqrwh 4;,1 Wkh
uvw0rughu frqglwlrq iru wklv rswlpl}dwlrq sureohp |lhogv wkh idploldu pdunxs sulflqj uxoh=




zkhuh  +A 4, lv wkh jurvv pdunxs ri sulfh ryhu pdujlqdo frvw1
71416 Fkdpehuolqldq Htxloleulxp
Wkh nh| wklqj wr qrwh lv wkdw wkh prgho lv frpsohwho| v|pphwulf1 Dffruglqj wr +46,/ doo dfwlyh
upv idfh wkh vdph sulfh hodvwlflw| +dqg wkxv dgrsw wkh vdph pdunxs,/ sd| wkh vdph zdjh
udwh/ dqg idfh wkh vdph whfkqrorj|1 Khqfh/ doo upv vhw wkh vdph sulfh/ l1h1 S @ S iru doo l1
Exw wklv phdqv/ e| +9, dqg +44,0+45,/ wkdw rxwsxw/ oderxu ghpdqg/ dqg wkh ohyho ri surw duh
dovr wkh vdph iru doo upv lq wkh glhuhqwldwhg vhfwru/ l1h1 [ @ [/ O @ O/ dqg  @  iru
doo l @ 4>    >Q 1 Wkh v|pphwu| surshuw| doorzv xv wr vxssuhvv wkh l0lqgh{ iurp khuh rq1
Ehiruh fkdudfwhul}lqj wkh prgho ghyhorshg lq wklv vhfwlrq/ zh pxvw wlh xs vrph orrvh hqgv1
Iluvw/ wkh uhsuhvhqwdwlyh krxvhkrog lqhodvwlfdoo| vxssolhv K xqlwv ri oderxu dqg lv wkh rzqhu
ri doo upv dqg wkxv uhfhlyhv doo surwv +li wkhuh duh dq|,1 Krxvhkrog lqfrph lv wkxv jlyhq e|=
L @ KZ .Q= +47,
Wkh vhfrqg orrvh hqg frqfhuqv wkh oderxu pdunhw fohdulqj frqglwlrq/ dffruglqj wr zklfk wkh
ghpdqg iru oderxu e| wkh wzr vhfwruv pxvw htxdo wkh h{rjhqrxvo| jlyhq vxsso|=
QO.O~ @ K= +48,
Gxh wr lwv vlpsoh vwuxfwxuh/ wkh prgho fdq eh vroyhg lq forvhg irup1 Zh vwduw e| qrwlqj
wkdw htxdwlrqv +45, dqg +46, fdq eh frpelqhg wr rewdlq d vlpsoh h{suhvvlrq iru surw shu
dfwlyh up lq wkh prqrsrolvwlf vhfwru=
 @Z ^+ 4,nt[  I ` = +49,
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Zlwk iuhh hqwu|2h{lw ri upv/ surwv duh gulyhq grzq wr }hur dqg wkh xqltxh rxwsxw ohyho shu





Rxwsxw shu up lv frqvwdqw dqg ghshqgv rqo| rq ihdwxuhv ri wkh whfkqrorj| +I dqg nt , dqg
rq wkh jurvv pdunxs +  @ +  4,,1 Wkh orzhu lv / wkh kljkhu lv  dqg wkh vpdoohu lv hdfk
up*v rxwsxw1 Lq whupv ri Iljxuh 4/ wkh Fkdpehuolqldq htxloleulxp lv uhsuhvhqwhg e| srlqw
H= S6 lv jlyhq e| htxdwlrq +46, dqg [6 fruuhvsrqgv wr htxdwlrq +4:,1
Vlqfh surwv duh }hur lq wkh Fkdpehuolqldq htxloleulxp/ lw iroorzv iurp +47, wkdw L @ KZ
dqg iurp +7, wkdw ] @ KZ@S~ 1 E| xvlqj wklv uhvxow lq +<, dqg +43, zh qg wkh htxloleulxp








D frqvwdqw vkduh ri wkh oderxu irufh lv hpsor|hg lq wkh krprjhqhrxv jrrgv vhfwru1
Iurp +44, dqg +4:, zh qg wkdw lq wkh v|pphwulf htxloleulxp O @ nt[ . I @ nt[
ru lq djjuhjdwh whupv QO @ ntQ[1 E| xvlqj +48, dqg +4;, zh qg wkdw QO @ +4 ,K1
Vlqfh rxwsxw shu up lv nqrzq/ zh fdq frpelqh wkhvh wzr h{suhvvlrqv iru QO dqg vroyh iru





zkhuh zh kdyh xvhg wkh idfw wkdw   @ +  4, wr vlpsoli| wkh h{suhvvlrq vrphzkdw1 Wkh
htxloleulxp qxpehu ri upv ghshqgv srvlwlyho| rq wkh dprxqw ri oderxu dwwudfwhg lqwr wkh
prqrsrolvwlfdoo| frpshwlwlyh vhfwru dqg qhjdwlyho| rq wkh ghpdqg hodvwlflw| dqg wkh ohyho ri
{hg frvw wkdw hdfk up pxvw lqfxu1 Doo wkhvh hhfwv duh lqwxlwlyh1
Djjuhjdwh rxwsxw ri wkh prqrsrolvwlfdoo| frpshwlwlyh vhfwru fdq eh frpsxwhg dv iroorzv1
Htxdwlrq +5, lpsolhv wkdw lq wkh v|pphwulf htxloleulxp \ @ Q>[1 E| xvlqj wklv uhvxow dqg




zkhuh f  +  4,
3>I 3>@nt lv d srvlwlyh frqvwdqw dqg Ot  +4 ,K lv wkh wrwdo
oderxu irufh hpsor|hg lq wkh prqrsrolvwlfdoo| frpshwlwlyh vhfwru1 Wkh nh| wklqj wr qrwh
derxw htxdwlrq +53, lv wkdw/ vlqfh  A 4/ oderxu ihdwxuhv lqfuhdvlqj uhwxuqv wr vfdoh lq wkh
Fkdpehuolqldq prgho1 Lqvshfwlrq ri +4:, dqg +4<, uhyhdov wkdw d odujhu pdunhw +surpswhg/ vd|/
e| dq lqfuhdvh lq wkh oderxu irufh K, ohdyhv wkh htxloleulxp up vl}h xqfkdqjhg exw h{sdqgv
wkh qxpehu ri surgxfw ydulhwlhv1 Qrwh wkdw e| xvlqj +:, lq wkh v|pphwulf htxloleulxp/ +43,/











Wklv h{suhvvlrq surylghv |hw dqrwkhu ghprqvwudwlrq ri wkh vfdoh hfrqrplhv wkdw h{lvw lq wkh
Fkdpehuolqldq prgho1 Wkhvh vfdoh hfrqrplhv ruljlqdwh iurp wkh oryh0ri0ydulhw| hhfw +vhh
dovr irrwqrwh 4:,1 Surylghg  h{fhhgv xqlw|/ wkh uhodwlyh sulfh ri wkh glhuhqwldwhg jrrg idoov
dv wkh qxpehu ri surgxfw ydulhwlhv ulvhv1
Dq dwwudfwlyh ihdwxuh ri wkh Gl{lw0Vwljolw} prgho lv wkdw lw frqwdlqv wkh shuihfwo| frpshwl0
wlyh fdvh dv d vshfldo fdvh1 Lqghhg/ e| ohwwlqj  dssurdfk lqqlw| dqg/ dw wkh vdph wlph/ ohwwlqj
I jr wr }hur/ erwk vhfwruv lq wkh hfrqrp| duh shuihfwo| frpshwlwlyh1 Vlqfh  @ 4 lq wkdw fdvh/
lw iroorzv iurp +49,0+54, wkdw surwv duh lghqwlfdoo| htxdo wr }hur + @ 3,/ rxwsxw shu up dqg
wkh qxpehu ri upv duh xqghwhuplqhg/ djjuhjdwh rxwsxw ihdwxuhv frqvwdqw uhwxuqv wr vfdoh/
dqg wkh uhodwlyh sulfh rqo| ghshqgv rq uhodwlyh surgxfwlylw| +nt @n~,1
71417 Zhoiduh Surshuwlhv
Grhv wkh Fkdpehuolqldq pdunhw htxloleulxp surylgh wrr pxfk ru wrr olwwoh ydulhw|B Wklv lv
rqh ri wkh fodvvlf txhvwlrqv wkdw kdv ehhq vwxglhg h{whqvlyho| lq wkh prqrsrolvwlf frpshwlwlrq
olwhudwxuh1 Wkh sureohp lv looxvwudwhg e| Iljxuh 41 Dw srlqw H wkhuh duh xqh{sorlwhg hfrqrplhv
ri vfdoh gxh wr pdunxs sulflqj1 Vdors +4<:</ s1 485, xvhv d vsdwldo prgho ri prqrsrolvwlf
frpshwlwlrq dqg frqfoxghv wkdw wkh pdunhw surgxfhv wrr pxfk ydulhw|1 Kh lv fduhixo wr qrwh/
krzhyhu/ wkdw wklv uhvxow lv qrw urexvw1 Lq frqwudvw/ lq wkh vwdqgdug Gl{lw0Vwljolw} prgho wkh
uvw0ehvw +xqfrqvwudlqhg, vrfldo rswlpxp fdoov iru pruh surgxfw ydulhwlhv wkdq duh surylghg
e| wkh pdunhw +4<::/ s1 635,vhh dovr ehorz153 Vshqfh uhdfkhv wkh vdph frqfoxvlrq lq d
vshfldo fdvh ri klv prgho exw dujxhv wkdw wkh sureohp lv lqkhuhqwo| gl!fxow wr vwxg| ehfdxvh=
111wkhuh duh frq lfwlqj irufhv dw zrun lq uhvshfw wr wkh qxpehu ru ydulhw| ri surg0
xfwv1 Ehfdxvh ri vhwxs frvwv/ uhyhqxhv pd| idlo wr fryhu wkh frvwv ri d vrfldoo|
ghvludeoh surgxfw1 Dv d uhvxow/ vrph surgxfwv pd| eh surgxfhg dw d orvv dw dq
rswlpxp1 Wklv lv d irufh whqglqj wrzdugv wrr ihz surgxfwv1 Rq wkh rwkhu kdqg/
wkhuh duh irufhv whqglqj wrzdug wrr pdq| surgxfwv1 Iluvw/ ehfdxvh upv krog edfn
rxwsxw dqg nhhs sulfh deryh pdujlqdo frvw/ wkh| ohdyh pruh urrp iru hqwu| wkdq
zrxog pdujlqdo frvw sulflqj1 Vhfrqg/ zkhq d up hqwhuv zlwk d qhz surgxfw/ lw
dggv lwv rzq frqvxphu dqg surgxfhu vxusoxv wr wkh wrwdo vxusoxv/ exw lw dovr fxwv
lqwr wkh surwv ri wkh h{lvwlqj upv1 Li wkh furvv hodvwlflwlhv ri ghpdqg duh kljk/
wkh grplqdqw hhfw pd| eh wkh vhfrqg rqh1 Lq wklv fdvh hqwu| grhv qrw lqfuhdvh
wkh vl}h ri wkh slh pxfk> lw mxvw glylghv lw lqwr pruh slhfhv1 Wkxv/ lq wkh suhvhqfh
ri kljk furvv hodvwlflwlhv ri ghpdqg/ wkhuh lv d whqghqf| wrzdug wrr pdq| surgxfwv1
+4<:9/ ss1 5630564,
53 Lq wkh xqfrqvwudlqhg vrfldo rswlpxp/ rqo| wkh uhvrxufh frqvwudlqw lv wdnhq lqwr dffrxqw1 Lq wkh frq0
vwudlqhg vrfldo rswlpxp wkh dgglwlrqdo uhtxluhphqw ri qrq0qhjdwlyh surw shu dfwlyh up lv dgghg1
4:
Lq wkh uhpdlqghu ri wklv vxevhfwlrq zh vwxg| zkdw +rxu yhuvlrq ri, wkh Gl{lw0Vwljolw} prgho
kdv wr vd| derxw wklv lvvxh154
Iluvw0ehvw vrfldo rswlpxp Lq wkh uvw0ehvw vrfldo rswlpxp wkh vrfldo sodqqhu fkrrvhv wkh
frpelqdwlrq ri ]/ \ / dqg Q vxfk wkdw wkh uhsuhvhqwdwlyh krxvhkrog*v xwlolw| +4, lv pd{lpl}hg
jlyhq wkh whfkqrorj| +<, dqg +44, dqg wkh uhvrxufh frqvwudlqw +48,1 Lq wkh djjuhjdwh wklv
sureohp fdq eh zulwwhq dv=
pd{
t~ctc
X @ ]B\ 3B vxemhfw wr=
K @ ntQ
*E3j\ . IQ . n~]> +55,
Q  QW >
zkhuh QW lv wkh +h{rjhqrxv, orzhu erxqg rq wkh qxpehu ri surgxfw ydulhwlhv wkdw fdq eh
surgxfhg1 Wklv orzhu erxqg lv w|slfdoo| ljqruhg lq wkh olwhudwxuh exw lv qhyhuwkhohvv lpsruwdqw
ehfdxvh wkhuh duh lqwhuqdo vfdoh hfrqrplhv lq wkh glhuhqwldwhg vhfwru1 Xvlqj wkh vxevfulsw























dqg zkhuh [ lv surgxfwlrq shu dfwlyh up lq wkh uvw0ehvw rswlpxp1 Htxdwlrq +56, vd|v wkdw
wkh pdujlqdo udwh ri vxevwlwxwlrq ehwzhhq wkh krprjhqhrxv dqg wkh frpsrvlwh jrrg pxvw eh
htxdwhg wr wkhlu uhodwlyh vrfldo sulfh1 Htxdwlrq +57, kdv wzr lpsruwdqw lpsolfdwlrqv1 Iluvw/ li
wkh vfdoh hfrqrplhv dw up ohyho duh yhu| vwurqj/ dqg  h{fhhgv @ +  4,/ wkhq wkh whup lq
vtxduh eudfnhwv rq wkh ohiw0kdqg vlgh ri +57, lv srvlwlyh dqg lw lv vrfldoo| rswlpdo wr surgxfh
dv ihz dv srvvleoh surgxfw ydulhwlhv1 Lq wkdw fdvh wkh exvlqhvv0vwhdolqj hhfw55 lv vwurqjhu
wkdq wkh suhihuhqfh0iru0glyhuvlw| hhfw1
Wkh vhfrqg lpsolfdwlrq wkdw fdq eh ghulyhg iurp +57, lv wkdw wkh h{lvwhqfh ri dq lqwhuqdo
vroxwlrq wr wkh rswlpdo qxpehu ri upv +Q A QW , lpsolhv wkdw wkh glyhuvlw| suhihuhqfh
pxvw eh vx!flhqwo| vwurqj frpsduhg wr wkh lqwhuqdo vfdoh hfrqrplhv1 Lqghhg/ li wkh rswlpdo
qxpehu ri ydulhwlhv lv vwulfwo| juhdwhu wkdq wkh orzhu erxqg/ wkhq wkh whup lq vtxduh eudfnhwv
54Wkh zhoiduh dqdo|vlv iroorzv wkh dssurdfk ri Eurhu dqg Khlmgud +5334,1
55Vhh Pdqnlz dqg Zklqvwrq +4<;9/ s1 7<, iru wklv whuplqrorj|1 Wkh exvlqhvv0vwhdolqj hhfw lv rshudwlyh li
rxwsxw shu up idoov zkhq wkh qxpehu ri upv lqfuhdvhv1
4;
rq wkh ohiw0kdqg vlgh ri +57, lv }hur +vr wkdw  @ @ +  4,, dqg +58, ghwhuplqhv wkh rswlpdo





zkhuh zh kdyh xvhg wkh ghqlwlrq ri / jlyhq lq +46, deryh/ wr idflolwdwh wkh frpsdulvrq
zlwk wkh fruuhvsrqglqj pdunhw vroxwlrq +4:,1 E| xvlqj wkh uhvrxufh frqvwudlqw dqg +56, dqg
qrwlqj wkdw \ @ Q
>
[ zh fdq vroyh iru wkh rswlpdo qxpehu ri upv dqg wkh surgxfwlrq dqg
hpsor|phqw ohyhov lq wkh krprjhqhrxv vhfwru=56
Q @
+4 , + 4,













Pdunhw htxloleulxp Zh duh qrz lq d srvlwlrq wr h{dplqh wkh zhoiduh surshuwlhv ri wkh
prgho e| frpsdulqj wkh uvw0ehvw vrfldoo| rswlpdo ydoxhv ri wkh glhuhqw yduldeohv wr wkhlu
pdunhw0surgxfhg frxqwhusduwv +iru zklfk zh xvh wkh vxevfulsw ch *,1 D frpsdulvrq ri +4;, dqg
+5;, uhyhdov wkdw O~e A O~ dqg ]e A ]/ l1h1 hpsor|phqw dqg rxwsxw lq wkh krprjhqhrxv
jrrgv vhfwru duh wrr odujh lq wkh pdunhw htxloleulxp1 Exw wklv phdqv/ ri frxuvh/ wkdw djjuhjdwh
hpsor|phqw lq wkh glhuhqwldwhg vhfwru lv wrr vpdoo/ l1h1 QeOe ? QO1
Frpsdulqj +4:, dqg +59, vkrzv wkdw [e @ [/ l1h1 wkh pdunhw |lhogv wkh rswlpdo up
vl}h1 Ilqdoo|/ e| frpsdulqj +4<, dqg +5:, zh qg wkdw Qe ? Q/ l1h1 wkh pdunhw surylghv
wrr ihz ydulhwlhv$ Vlqfh rxwsxw shu dfwlyh up lv wkh vdph lq wkh wzr fdvhv/ lw iroorzv wkdw
\e ? \157
Ghfhqwudol}dwlrq Lw lv qrw gl!fxow wr vkrz wkdw wkh uvw0ehvw vrfldo rswlpxp fdq eh gh0
fhqwudol}hg e| phdqv ri d surgxfw vxevlg| rq glhuhqwldwhg jrrgv/ surylghg lw fdq eh qdqfhg
lq d qrq0glvwruwlqj idvklrq +h1j1 zlwk d oxps0vxp wd{ ohylhg rq wkh uhsuhvhqwdwlyh krxvhkrog,1
Dvvxph wkdw hdfk dfwlyh up uhfhlyhv dq dg ydoruhp surgxfw vxevlg| vr wkdw htxdwlrq +45,
ehfrphv   +4 . v ,S[Z ^nt[ . I ` zkhuh v lv wkh surgxfw vxevlg|1 Hdfk up zloo
qrz vhw lwv sulfh dffruglqj wr wkh dxjphqwhg pdunxs uxoh S @ Znt @ +4 . v ,1 Vlqfh wkh
uvw0ehvw htxloleulxp fdoov iru pdujlqdo frvw sulflqj +S @ Znt , lw iroorzv wkdw wkh rswlpdo
surgxfw vxevlg| zklfk ghfhqwudol}hv wkh uvw0ehvw vrfldo rswlpxp lv=
v @  4= +5<,
Surylghg wkh surgxfw vxevlg| lv vhw dffruglqj wr +5<,/ qr oxps0vxp sd|phqwv wr dfwlyh upv
duh qhhghg wr hqvxuh wkh rswlpdo dprxqw ri ydulhw|1
56Wkh uhvrxufh frqvwudlqw vlpsolhv wr M ' &~~ n >&tf dqg +56, fdq eh vlpsolhg wr E3 B &~~ '
B&tf1 Vlqfh f lv nqrzq/ wkhvh wzr h{suhvvlrqv fdq eh vroyhg iru  dqg ~1
57Gl{lw dqg Vwljolw} duh fduhixo wr qrwh wkdw wklv frqfoxvlrq lv vshflf wr wkh v|pphwulf FHV fdvh frqvlghuhg
khuh1
4<
H{whqvlrqv Lw lv qrw vxusulvlqj/ lq ylhz ri Vshqfh*v uhpdunv txrwhg deryh/ wkdw wkh ghflhqw0
glyhuvlw| uhvxow fdq eh hdvlo| uhyhuvhg lq d vxlwdeo| prglhg yhuvlrq ri wkh Gl{lw0Vwljolw} prgho1
Lq uhfhqw |hduv d qxpehu ri dxwkruv kdyh dujxhg wkdw krxvhkrog suhihuhqfh0iru0glyhuvlw| dqg
pdunhw srzhu ri lqglylgxdo upv duh frqfhswxdoo| glvwlqfw skhqrphqd158 Rqh zd| wr eulqj










zkhuh  dqg   @ +  4, duh doorzhg wr eh glvwlqfw159 Lq wklv irupxodwlrq/  +A 4,
sdudphwhul}hv wkh pdunhw srzhu ri glhuhqwldwhg jrrgv surgxfhuv zkhuhdv  + 4, fdswxuhv
wkh suhihuhqfh0iru0glyhuvlw| hhfw15: Li  @ 4 wkhq krxvhkrogv gr qrw ydoxh ydulhw| shu vh exw
upv qhyhuwkhohvv srvvhvv pdunhw srzhu dv  h{fhhgv xqlw|1 Lq wkh vwdqgdug Gl{lw0Vwljolw}
prgho/  @ / dqg lw lv lpsrvvleoh wr vzlwfk r wkh suhihuhqfh0iru0glyhuvlw| hhfw zlwkrxw dw
wkh vdph wlph holplqdwlqj wkh edvlv iru prqrsrolvwlf frpshwlwlrq1
Iroorzlqj wkh vdph vwhsv dv ehiruh/ lw lv hdv| wr vkrz wkdw wkh pdunhw0htxloleulxp ydoxhv
iru [ / ]/ dqg Q duh vwloo dv jlyhq lq/ uhvshfwlyho|/ +4:,/ +4;,/ dqg +4<,1 Wkh uhodwlyh sulfh ri













zkhuh f  
3# +  4,#3 I 3#@nt dqg Ot @ +4 ,K1 Frpsdulqj +53, dqg +65, zh qg
wkdw lw lv wkh suhihuhqfh0iru0glyhuvlw| sdudphwhu/ / zklfk uhjxodwhv zkhwkhu ru qrw wkhuh duh
lqfuhdvlqj uhwxuqv wr oderxu1 Lqghhg/ li  @ 4/ wkhq uhwxuqv wr vfdoh duh frqvwdqw ghvslwh wkh
idfw wkdw wkhuh lv prqrsrolvwlf frpshwlwlrq lq wkh glhuhqwldwhg vhfwru1
58Vhh Eìqdvv| +4<<9, dqg Eurhu dqg Khlmgud +5334,1



















5: Lqwhuhvwlqjo|/ suhihuhqfhv vxfk dv +63, dfwxdoo| dsshdu dqg duh dqdo|}hg lq wkh Pd| 4<:7 dqg Iheuxdu| 4<:8
yhuvlrqv ri wkh Gl{lw0Vwljolw} sdshu zklfk duh uhsulqwhg khuh dv Fkdswhuv 6 dqg 7/ uhvshfwlyho|1 Xqiruwxqdwho|/
wkh| dssduhqwo| glg qrw vxuylyh wkh uhihuhhlqj surfhvv dqg zhuh holplqdwhg iurp wkh sxeolvkhg sdshu1 Wkh|
gr/ krzhyhu/ ihdwxuh lq Hwklhu +4<;5, wkrxjk lq d voljkwo| glhuhqw frqwh{w1
53
Wkh zhoiduh dqdo|vlv lv dovr dhfwhg e| wkh dowhuqdwlyh ghqlwlrq ri \ jlyhq lq +63,1 Lqghhg/
lw lv qrw gl!fxow wr vkrz wkdw wkh uvw0ehvw lqwhulru vrfldo rswlpxp fdoov iru=5;
] @
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+4 , +  4,







Zh fdq rqfh djdlq frpsduh wkh vrfldoo| rswlpdo vroxwlrqv wr wkhlu pdunhw frxqwhusduwv1 Sur0
ylghg  lv vwulfwo| juhdwhu wkdq xqlw|/ lw iroorzv iurp +4;, dqg +66, wkdw wkh krprjhqhrxv
vhfwru lv wrr odujh lq wkh pdunhw htxloleulxp/ l1h1 wrr olwwoh oderxu hqwhuv wkh glhuhqwldwhg
vhfwru1 Doo wkh rwkhu zhoiduh frpsdulvrqv ghshqg lq d fulwlfdo pdqqhu rq wkh pdjqlwxgh ri
wkh suhihuhqfh0iru0glyhuvlw| sdudphwhu/ / uhodwlyh wr wkh pdunxs 1 Lqghhg/ wkh frpsdulvrq
ri +4:, dqg +67, uhyhdov wkdw [e W [ iru  W 1 Lq wkh uvw0ehvw vrfldo rswlpxp/ suhihuhqfh
iru glyhuvlw| ghwhuplqhv up vl}h lq wkh glhuhqwldwhg vhfwru/ zkhuhdv lq wkh Fkdpehuolqldq
prgho wkh pdunxs shuirupv wklv uroh1 Li lqglylgxdo upv srvvhvv d orw ri pdunhw srzhu + forvh
wr xqlw| vr wkdw  lv odujh,/ wkhq rxwsxw shu ydulhw| lv nhsw vpdoo dqg wkh pdunhw phfkdqlvp
surgxfhv upv wkdw duh wrr vpdoo iurp d vrfldo srlqw ri ylhz1
Wkh frpsdulvrq ri +4<, dqg +68, |lhogv wkh iroorzlqj frqfoxvlrq uhjduglqj wkh qxpehu ri
surgxfw ydulhwlhv=
Qe T Q +, ^  +4 ,` +  4, W 4 +6:,
Gl{lw dqg Vwljolw} +4<::/ s1 635, vwxg| wkh vshfldo fdvh iru zklfk  @ 1 Lq wkdw fdvh/
 @ @ +  4, dqg wkh pdunhw pxvw |lhog wrr ihz ydulhwlhv +vhh dovr deryh,1 Li/ krzhyhu/
zh doorz  dqg  wr eh glhuhqw/ wkhq wkh frqfoxvlrq lv ohvv fohdu0fxw1 Li wkh glyhuvlw| hhfw
lv vwurqj/ dqg  A / wkhq wkh pdunhw vwloo surgxfhv wrr ihz ydulhwlhv1 Lq frqwudvw/ li wkh
glyhuvlw| hhfw lv zhdn +  4,/ pdunhw srzhu lv vwurqj +  4,/ dqg wkh glhuhqwldwhg vhfwru
lv uhodwlyho| odujh +  3,/ wkhq lw pd| zhoo eh wkh fdvh wkdw wkh Qe h{fhhgv Q dqg wkhuh
lv h{fhvvlyh surgxfw glhuhqwldwlrq1 Lq wkdw fdvh dfwlyh upv lq wkh pdunhw duh yhu| vpdoo
+ehfdxvh wkh| srvvhvv d orw ri pdunhw srzhu, dqg d odujh sduw ri wkh oderxu irufh lv hpsor|hg
lq wkh glhuhqwldwhg vhfwru1
Ghfhqwudol}dwlrq ri wkh uvw0ehvw htxloleulxp lv pruh frpsoh{ lq wkh dxjphqwhg prgho1
Lq dgglwlrq wr d surgxfw vxevlg|/ wkh srolf| pdnhu pxvw qrz eh deoh wr gluhfwo| dhfw wkh
}hur0surw frqglwlrq e| phdqv ri d up0edvhg oxps0vxp wd{ ru wudqvihu1 Lq sduwlfxodu/ li
zh ghqrwh wklv lqvwuxphqw e| W dqg lqgh{ lw zlwk St / wkhq wkh surw ghqlwlrq +45, lv
5;Zh olplw dwwhqwlrq wr wkh lqwhulru vroxwlrq iru zklfk wkh suhihuhqfh iru glyhuvlw| hhfw lv vwurqj hqrxjk wr
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dxjphqwhg wr  @ +4 . v ,S[Z ^nt[ . I `St W1 Wkh uvw0ehvw htxloleulxp fdq eh
ghfhqwudol}hg li wkh surgxfw vxevlg| lv vhw htxdo wr v @ 4 +vhh htxdwlrq +5<, deryh, dqg
li wkh oxps0vxp wd{ lv vhw dffruglqj wr=
W @ + ,Q
#3
 [= +6;,
Wkh surgxfw vxevlg| uhvwruhv pdujlqdo frvw sulflqj dqg wkh oxps0vxp lqvwuxphqw lv qhhghg
wr hqvxuh wkdw dfwlyh upv kdyh wkh vrfldoo| rswlpdo vl}h dqg wkh rswlpdo qxpehu ri surgxfw
ydulhwlhv lv surgxfhg1 Wkh h{suhvvlrq lq +6;, lv lqwxlwlyh1 Iru h{dpsoh/ li  A  wkhq oxps0
vxp wudqvihuv duh qhhghg1 Lw lv rswlpdo wr kdyh pdq| vpdoo upv exw/ lq wkh devhqfh ri d
oxps0vxp wudqvihu/ vxfk upv duh xqdeoh wr fryhu wkhlu {hg frvwv ghvslwh wkh idfw wkdw wkh|
uhfhlyh d surgxfw vxevlg|1 Wkh rssrvlwh krogv li  A 1
Li wkh srolf| pdnhu grhv qrw srvvhvv wkh oxps0vxp lqvwuxphqw iru upv/ wkh uvw0ehvw
fdqqrw eh ghfhqwudol}hg dqg d pruh uhvwulfwhg zhoiduh fulwhulrq pxvw eh hpsor|hg1 Dv Gl{lw
dqg Vwljolw} wkhpvhoyhv sxw lw/ lw zrxog wkhuhiruh dsshdu wkdw d pruh dssursuldwh qrwlrq ri
rswlpdolw| lv d frqvwudlqhg rqh/ zkhuh hdfk uppxvw kdyh qrqqhjdwlyh surwv +4<::/ s1 633,1
Fohduo|/ lq ylhz ri rxu suhylrxv glvfxvvlrq/ wkh qrq0dydlodelolw| ri wkh oxps0vxp lqvwuxphqw
lv luuhohydqw lq fdvh  @ vhh htxdwlrq +6;,1 Lq wkh jhqhudo fdvh/ krzhyhu/ wkh vhfrqg0ehvw
+ru frqvwudlqhg, vrfldo rswlpxp lv lqghhg glhuhqw iurp wkh uvw0ehvw +xqfrqvwudlqhg,
vrfldo rswlpxp1
Lq wkh frqvwudlqhg vrfldo rswlpxp wkh sodqqhu pxvw qg dq rswlpdo wudgh0r ehwzhhq wzr
wdvnv/ qdpho| uhprylqj wkh prqrsro| glvwruwlrq +dv sdudphwhul}hg e|  4, dqg surgxflqj
wkh rswlpdo qxpehu ri surgxfw ydulhwlhv1 Iru rxu yhuvlrq ri wkh Gl{lw0Vwljolw} prgho/ wkh
frqvwudlqhg vrfldo rswlpxp fdq eh ghwhuplqhg dv iroorzv1 Iluvw zh qrwh wkdw iru d jlyhq































e / wdnlqj lqwr dffrxqw wkh uhodwlrqv +6<,0+75,1 Lw lv douhdg| fohdu/ iurp wkh
lqvshfwlrq ri +4:, dqg +6<,/ wkdw wkh sodqqhu lv xqdeoh wr dhfw up vl}h lq wkh frqvwudlqhg
htxloleulxp/ l1h1 [S @ [e/ zkhuh wkh vxevfulsw f lv xvhg wr ghqrwh wkh frqvwudlqhg vrfldo
rswlpxp1 Wkh sodqqhu fdq/ krzhyhu/ dhfw erwk wkh qxpehu ri surgxfw ydulhwlhv dqg wkh vl}h
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+4 . v , ^4 . +4 , v `
A 3= +77,
Lqfuhdvlqj wkh surgxfw vxevlg| ohdgv wr d vkulqndjh ri wkh krprjhqhrxv jrrgv vhfwru dqg dq
h{sdqvlrq ri wkh qxpehu ri upv lq wkh glhuhqwldwhg vhfwru1 E| glhuhqwldwlqj wkh xwlolw|
























Wklv h{suhvvlrq fohduo| vkrzv wkdw lq wkh frqvwudlqhg vrfldo rswlpxp/ wkh suhihuhqfh0iru0
glyhuvlw| hhfw surylghv wkh udwlrqdoh iru d surgxfw vxevlg|1 Wklv vwdqgv lq vwdun frqwudvw
zlwk wkh xqfrqvwudlqhg vrfldo rswlpxp/ lq zklfk wkh surgxfw vxevlg| dlpv wr uhvwruh pdujlqdo
frvw sulflqj dqg wkxv ghshqgv rq wkh lqgh{ iru pdunhw srzhu/ 4vhh htxdwlrq +5<, deryh1
Lq wkh frqvwudlqhg vrfldo rswlpxp/ wkh srolf| pdnhu vhwv wkh surgxfw vxevlg| vxfk wkdw
gX@gv @ 3/ ru=
v S @   4= +79,













+4 , + 4,







E| xvlqj +66,/ +73, +zlwk v @ 3 lpsrvhg,/ dqg +7:, zh qg wkdw ] @ ]S ? ]e/ l1h1
wkh krprjhqhrxv vhfwru kdv wkh vdph vl}h lq wkh xqfrqvwudlqhg dqg wkh frqvwudlqhg vrfldo
rswlpxp exw lv wrr odujh lq wkh Fkdpehuolqldq htxloleulxp1 Wkh frpsdulvrq iru wkh qxpehu
ri surgxfw ydulhwlhv surfhhgv dv iroorzv1 Iluvw/ zh qrwh iurp +77, wkdw Qe lv lqfuhdvlqj lq v 1
Li  A 4 wkhq lw iroorzv iurp +79, wkdw v A 31 Dv d uhvxow/ zh qg wkdw QS A Qe/ l1h1 wkh
frqvwudlqhg vrfldo rswlpxp dovr fdoov iru d odujhu qxpehu ri surgxfw ydulhwlhv1 Vhfrqg/ wkh





 +  4,
= +7<,
Lq wkh vwdqgdug Gl{lw0Vwljolw} fdvh/  @  dqg lw iroorzv iurp +7<, wkdw QS @ Q1 Lq wkh
jhqhudol}hg prgho/ zh qg wkdw QS W Q iru  V 1
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715 Hydoxdwlrq
Zh kdyh vkrzq deryh wkdw wkh Gl{lw0Vwljolw} prgho/ wkrxjk udwkhu vshflf lq lwv dvvxpswlrqv/
rhuv d qhdw zd| ri ghdolqj zlwk lqfuhdvlqj uhwxuqv wr vfdoh dw up ohyho zklovw pdlqwdlqlqj
d zhoo0ghqhg lqgxvwu| htxloleulxp1 Lq dgglwlrq zh kdyh vkrzq krz wkh prgho fdswxuhv wkh
nh| lqvljkwv ri Fkdpehuolq dqg lv udwkhu  h{leoh1
Wklv lv qrw wr vd| wkdw wkh Gl{lw0Vwljolw} prgho kdv qrw ehhq fulwlfl}hg lq wkh olwhudwxuh1
Wkrxjk wkh prgho zdv ruljlqdoo| lqwhqghg dv d frqwulexwlrq wr wkh surgxfw glhuhqwldwlrq
olwhudwxuh/ lw kdv frph xqghu vhulrxv dwwdfn lq wkdw olwhudwxuh1 Hdwrq dqg Olsvh|/ iru h{dpsoh/
vxjjhvw d qxpehu ri vr0fdoohg dznzdug idfwv derxw surgxfw glhuhqwldwlrq zklfk wkh prgho
idlov wr dffrpprgdwh +4<;</ ss1 :580:59/ :64,1 Iluvw/ lq uhdolw| hdfk frqvxphu rqo| ex|v
d vpdoo vxevhw ri wkh dydlodeoh frpprglwlhv1 Vhfrqg/ lq uhdolw| wdvwhv duh uhyhdohg wr glhu
dprqj lqglylgxdov lq wkdw 111glhuhqw frqvxphuv sxufkdvh glhuhqw exqgohv ri glhuhqwldwhg
frpprglwlhv dqg wkhvh glhuhqfhv fdqqrw eh ixoo| dffrxqwhg iru e| glhuhqfhv lq wkhlu lq0
frphv +Hdwrq dqg Olsvh|/ 4<;</ s1 :59,1 Lq wkh Gl{lw0Vwljolw} prgho wkhuh lv d uhsuhvhqwdwlyh
frqvxphu zkr ex|v doo h{lvwlqj ydulhwlhv1 Lq wkh surgxfw glhuhqwldwlrq olwhudwxuh wkh dlp lv
wkhuhiruh wr jr eh|rqg wkh uhsuhvhqwdwlyh0djhqw zruog ri Gl{lw dqg Vwljolw} dqg wr vhdufk iru
plfurhfrqrplf irxqgdwlrqv ri wkh Fkdpehuolq prgho15<
Wkrxjk wkh Gl{lw0Vwljolw} prgho kdv idlohg wr lpsuhvv prvw vwxghqwv ri surgxfw glhuhqwl0
dwlrq/ lw kdv qhyhuwkhohvv dwwdlqhg zrunkruvh vwdwxv lq d odujh qxpehu ri glhuhqw hogv ri
hfrqrplfv1 Hvshfldoo| wkh dqdo|wlfdo  h{lelolw| ri wkh prgho kdv suryhg wr eh yhu| frqyhqlhqw
lq wkh odvw txduwhu fhqwxu| ru vr1 Lq Iljxuh 5 zh sorw wkh qxpehu ri flwdwlrqv wr wkh sxeolvkhg
yhuvlrq ri wkh Gl{lw0Vwljolw} sdshu163 Wkhuh kdv ehhq d vwhdg| lqfuhdvh lq wkh wrwdo qxpehu ri
flwdwlrqv dqg hyhq lq fruh mrxuqdov wkh sdshu krogv lwv jurxqg1 Wklv errn vkrzv zkhuh wkhvh
flwdwlrqv duh frplqj iurp1 Wkh vshflf irupdol}dwlrq ri wkh prgho/ dqg wkh idfw wkdw lw fdq
ghdo zlwk lpshuihfw pdunhwv zlwkrxw jhwwlqj orvw lq ghwdlov ri vwudwhjlf lqwhudfwlrq/ kdv ohg wr
lqqrydwlrqv lq ydulrxv hogv ri hfrqrplfv/ dv wklv yroxph ri duwlfohv dlpv wr vkrz1
8 Wkh Errn
Wkh vwuxfwxuh ri wklv errn lv dv iroorzv1 Wkh errn frqvlvwv ri vl{ sduwv/ ri zklfk wzr duh
jhqhudo dqg irxu duh pruh vshflf dqg hdfk fryhu d vhsdudwh glvflsolqh1 Zh vhohfwhg wkrvh
glvflsolqhv zkhuh wkh Gl{lw0Vwljolw} prgho kdv frqwulexwhg wkh prvw/ qdpho| lqwhuqdwlrqdo
wudgh wkhru|/ jhrjudsklfdo hfrqrplfv/ pdfurhfrqrplfv/ dqg jurzwk wkhru|1
Hdfk glvflsolqh sduw frqvlvwv ri d vxuyh| sdshu wkdw lv iroorzhg e| d fulwlfdo dssudlvdo ri wkh
5<Hdwrq dqg Olsvh| +4<;</ ss1 :640:67, suhvhqw d eulhi +dqg qrz vrphzkdw gdwhg, vxuyh| ri vrph ri wklv
plfur0irxqgdwlrqv olwhudwxuh1 Lq d uhfhqw sdshu/ Zhlw}pdq +4<<7, kdv ghprqvwudwhg wkdw d jhqhudol}hg djjuh0
jdwru ixqfwlrq olnh +5, fdq eh lqwhusuhwhg dv wkh uhgxfhg irup ri d vsdwldo prgho ri prqrsrolvwlf frpshwlwlrq
rq wkh flufoh/ surylghg wkh up fdq fkrrvh lwv ohyho ri vshfldolvdwlrq1
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Iljxuh 5= Flwdwlrqv wr wkh Gl{lw0Vwljolw} +4<::, sdshu
58
Gl{lw0Vwljolw} prgho lq wkdw sduwlfxodu hog/ dqg rqh ru wzr ruljlqdo dssolfdwlrqv ri wkh Gl{lw0
Vwljolw} prgho1 Zh krsh wkdw wklv yroxph vkrzv wkdw/ dowkrxjk wkh prgho kdv xquhdolvwlf
ihdwxuhv/ lw qhyhuwkhohvv jlyhv lqwhuhvwlqj dqvzhuv wr pdq| glyhuvh sureohpv1 Ixuwkhupruh/
zh krsh wr vkrz wkdw wkh vhfrqg prqrsrolvwlf frpshwlwlrq uhyroxwlrq kdv lqghhg ehhq pruh
vxffhvvixo wkdq wkh uvw1
Sduw L= Xqghujurxqg Fodvvlfv
Lq Sduw L zh lqfoxgh vrph xqghujurxqg fodvvlfv/ l1h1 rqh suhylrxvo| xqsxeolvkhg sdshu e|
Vwljolw} rq wkh fdslwdo pdunhw dqg wzr suholplqdu| yhuvlrqv ri wkh Gl{lw0Vwljolw} sdshu gdwhg/
uhvshfwlyho|/ Pd| 4<:7 dqg Iheuxdu| 4<:81 Wkhvh zrunlqj sdshuv qrw rqo| ghyhors wkh edvlf
prgho lq pruh ghwdlo wkdq wkh sxeolvkhg yhuvlrq grhv/ exw dovr frqwdlq vrph lqwhuhvwlqj pd0
whuldo wkdw odwhu kdg wr eh/ lqghshqghqwo|/ uhglvfryhuhg e| rwkhuv1 Iru h{dpsoh/ wkh Pd| 4<:7
yhuvlrq ri wkh prgho lqfoxghv wkh iroorzlqj ihdwxuhv= +d, suhihuhqfh iru glyhuvlw| dqg pdunhw
srzhu duh fohduo| glvwlqjxlvkhg +vhh dovr wkh glvfxvvlrq vxuurxqglqj htxdwlrq +63, deryh,/
dqg +e, suhihuhqfhv duh prghoohg lq whupv ri d frqwlqxxp ri surgxfw ydulhwlhv1 Vlploduo|/
wkh Iheuxdu| 4<:8 yhuvlrq ri wkh sdshu frqwdlqv dq lqwhuhvwlqj glvfxvvlrq ri wkh sxeolf jrrg
dvshfw ri surgxfw ydulhw|1 Zh zkrohkhduwhgo| frqfxu zlwk Ehqdvv| zkr dujxhv wkdw hvshfldoo|
wkh Iheuxdu| 4<:8 yhuvlrq ri wkh Gl{lw0Vwljolw} sdshu 111vkrxog ehfrph uhtxluhg uhdglqj iru
doo vhulrxv vwxghqwv ri wkh hog +4<<9/ s1 79i6,1 E| lqfrusrudwlqj lw +dqg lwv Pd| 4<:7
suhfxuvru, lq wklv errn zh krsh wr kdyh vljqlfdqwo| orzhuhg wkh eduulhu wr vxfk vwxghqwv1
Sduw LL= Fxuuhqw Shuvshfwlyhv
Lq Sduw LL ri wkh errn/ wkh lqwhoohfwxdo irxqglqj idwkhuv ri wkh Gl{lw0Vwljolw} prgho uh hfw rq
wkhlu frqwulexwlrq wr wkh prqrsrolvwlf frpshwlwlrq olwhudwxuh1 Lq dgglwlrq/ rqh ri wkh hduolhvw
dgrswhuv ri wkh Gl{lw0Vwljolw} prgho/ Zloiuhg Hwklhu/ uh hfwv rq wkh xvhixoqhvv ri wklv prgho
wr lqwhuqdwlrqdo wudgh wkhru|1
Lq Fkdswhu 8/ Dylqdvk Gl{lw lv udwkhu fulwlfdo ri wkh Gl{lw0Vwljolw} dssurdfk/ dqg zdqwv
wr jr eh|rqg wkh vlpsoli|lqj dvvxpswlrqv ri wkh ehqfkpdun prgho/ vxfk dv qhz shuvshfwlyhv
iurp jdph wkhru|1 Kh dujxhv wkdw rqh ri wkh uhdvrqv wkh uvw prqrsrolvwlf frpshwlwlrq
uhyroxwlrq idlohg zdv ehfdxvh ri wkh devhqfh ri dq| vwudwhjlf lqwhudfwlrq ehwzhhq upv1 Lq
hvvhqfh wklv fulwlflvp pluuruv wkh rqhv yrlfhg djdlqvw Pduvkdoo*v uhsuhvhqwdwlyh up doprvw d
fhqwxu| djr1 Dovr lq Pduvkdoo*v dqdo|vlv vwudwhjlf lqwhudfwlrq lv edvlfdoo| devhqw1 Gl{lw vwdwhv
wkdw wklv lv dovr wuxh iru wkh vhfrqg prqrsrolvwlf frpshwlwlrq uhyroxwlrq/ zkhuh doo upv duh lq
hvvhqfh sulfh0lqgh{ wdnhuv/ dqg wkh ghwhuplqdwlrq ri wklv sulfh lqgh{ lv ohiw wr kljkhu ohyhov ri
djjuhjdwlrq1 Gl{lw lv lq idyru ri d pruh hfohfwlf ylhz lq zklfk qr vlqjoh prgho vkrxog grplqdwh
hfrqrplf dqdo|vlvpruh wkdq rqh prgho lv qhhghg wr ghvfuleh d frpsoh{ uhdolw|1 Zkdw lv
qhhghg lv d wd{rqrp| ri glhuhqw prghov wkdw fdq eh dssolhg wr glhuhqw vlwxdwlrqv1 Dqg
lq wklv vhqvh Gl{lw zhofrphv wkhvrphwlphv fulwlfl}hgwuhqg wrzdugv qxphulfdo vlpxodwlrqv
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ri wkhruhwlfdo prghov wkdw pdnh wkh wkhruhwlfdo prghov frph dolyh lq d zd| wkdw frpsoh{
dojheudlf frpsdudwlyh vwdwlf h{suhvvlrqv gr qrw1
Lq Fkdswhu 9/ Mrh Vwljolw} uhfdoov wkdw irxu ghfdghv diwhu Fkdpehuolq kdg zulwwhq klv errn/
wkh wkhru| ri prqrsrolvwlf frpshwlwlrq fdoohg rxw iru irupdol}dwlrq1 Wkh rqo| irupdo prgho
ri prqrsrolvwlf frpshwlwlrq dydlodeoh dw wkdw wlph zdv rqh lq zklfk surgxfw glhuhqwldwlrq
vkrzhg xs dv d vhulhv ri vwruhv orfdwhg rq d flufoh= hdfk vwruh kdylqj rqo| wzr qhljkerxuv zlwk
zkrp wr frpshwh1 Exw wklv sduwlfxodu irupdol}dwlrq vhhpv dw rggv zlwk wkh fhqwudo lghd ri
wkh prqrsrolvwlf frpshwlwlrq prgho= lw zdv qrw uhdolvwlf wr dvvxph wkh devhqfh ri +frpsoh{,
vwudwhjlf lqwhudfwlrqv ehwzhhq wkhvh vwruhv1 Vwljolw} uhphpehuv wkdw zh zdqwhg wr irupxodwh
d ehqfk0pdun prgho1 Kh frqwlqxhv wkdw zlwk klqgvljkw lw vhhpv wkdw wkh ehqfkpdun prgho
zdv wdnhq wrr vhulrxvo|/ dqg vkrzv wkdw rwkhu prghoolqj shuvshfwlyhv duh srwhqwldoo| pruh
surplvlqj/ vxfk dv ghdolqj zlwk wkh frqvhtxhqfhv ri lpshuihfw lqirupdwlrq164
Lq Fkdswhu :/ Zloiuhg Hwklhu fdoov wkh Gl{lw0Vwljolw} sdshu d wuxo| juhdw wrro0sdshu1
Hwklhu +4<;5, zdv d udwkhu hduo| dssolfdwlrq ri wkh Gl{lw0Vwljolw} iudphzrun wr lqwhuqdwlrqdo
wudgh/ wkrxjk kh klpvhoi frqvlghuv klv rzq sdshu dv |hw dqrwkhu wrro0sdshulw kdv qhyhu
ehhq dprqj klv idyrulwhv1 Exw reylrxvo| wklv vhqwlphqw lv qrw vkduhg e| shrsoh zrunlqj lq
jurzwk wkhru| zkhuh wkh Hwklhu0irupdol}dwlrq ri wkh Gl{lw0Vwljolw} iudphzrun kdv ehfrph
yhu| srsxodu1 Ixuwkhupruh +dv dq dvlgh, Hwklhu/ lq klv frqwulexwlrq wr wklv yroxph/ jlyhv d
ixqq| lqvljkw lqwr wkh uhihuhhlqj surfhvv dqg klv shufhswlyh uhvsrqvh wr rqh ri Nuxjpdq*v uvw
sdshuv rq Qhz Wudgh Wkhru|1
Sduw LLL= Lqwhuqdwlrqdo Wudgh
Edfnjurxqg
Xqwlo 4<:8 lqwhuqdwlrqdo wudgh wkhru| zdv grplqdwhg e| wkh frpshwlwlyh sdudgljp hperglhg
lq wkh Khfnvfkhu0Rkolq0Vdpxhovrq +K0R0V, iudphzrun1 Wklqjv fkdqjhg txlwh gudpdwlfdoo|
iroorzlqj wkh hpslulfdo vwxg| ri Juxeho dqg Oor|g +4<:8,1 Wkh| vkrzhg wkh lpsruwdqfh ri
lqwud0lqgxvwu| wudgh ehwzhhq frxqwulhv zlwk vlplodu idfwru hqgrzphqwv1 Wkh K0R0V prgho/
zlwk lwv h{solflw uholdqfh rq glhuhqfhv lq uhodwlyh idfwru hqgrzphqwv dqg krprjhqhrxv jrrgv/
frxog qrw h{sodlq wklv hpslulfdo uhjxodulw|1 Lqlwldoo|/ wklv ohg wr pdq| pxwxdoo| xquhodwhg
dssurdfkhv wr ghdo zlwk lqwud0lqgxvwu| wudghvhh wkh Kdqgerrn ri Lqwhuqdwlrqdo Hfrqrplfv
fkdswhu e| Khospdq +4<;7, iru d vxuyh|1 Lq wkh zrugv ri Sdxo Nuxjpdq/ 111lqhylwdeo|/
jlyhq wkh vwdwh ri wkh hog dw wkdw wlph/ wkh jhqhudo lpsuhvvlrq frqyh|hg lq wkdw fkdswhu zdv
ri d froohfwlrq ri kljko| glvsdudwh dqg phvv| dssurdfkhv/ vwdqglqj erwk lq frqwudvw dqg lq
64Vlplodu fulwlfdo uhpdunv rq wkh ehqfkpdun prgho fdq eh irxqg hovhzkhuh1 Ixmlwd/ Nuxjpdq dqg Yhqdeohv
+4<<</ s19,/ iru h{dpsoh/ phqwlrq wkdw wkh srsxodulw| ri wkh Gl{lw0Vwljolw} prgho lv ed"lqj/ jlyhq wkh
xquhdolvwlf qdwxuh ri wklv prgho +wkh| dovr phqwlrq wkdw wkhlu errn pljkw kdyh ehhq fdoohg Jdphv \rx Fdq
Sod| Zlwk FHV Ixqfwlrqv/ lqglfdwlqj/ lqwhu dold/ wkh ehqhwv ri wkh Gl{lw0Vwljolw} irupdol}dwlrq ri prqrsrolvwlf
frpshwlwlrq,1
5:
rssrvlwlrq wr wkh lpsuhvvlyh xqlw| dqg fodulw| ri wkh frqvwdqw0uhwxuqv/ shuihfw frpshwlwlrq
wudgh wkhru| +4<<8/ s1 4577,1
Gxulqj wkh odwh 4<:3v dqg hduo| 4<;3v lw ehfdph fohdu wkdw wkh Gl{lw0Vwljolw} dssurdfk
surylghg d vlpsoh dqg hohjdqw zd| ri prghoolqj lpshuihfw frpshwlwlrq dqg lqfuhdvlqj uhwxuqv
wr vfdoh1 Xvlqj wklv dssurdfk rqh frxog dyrlg ehlqj phvv|/ dqg iru wklv uhdvrq wkh Gl{lw0
Vwljolw} prgho txlfno| ehfdph wkh grplqdqw ehqfkpdun prgho lq lqwhuqdwlrqdo wudgh wkhru|1
Wkh uvw dssolfdwlrqv zhuh e| Nuxjpdq +4<:</ 4<;3, klpvhoi dqg e| Gl{lw dqg Qrupdq
+4<;3,165
Xvlqj wkh Gl{lw0Vwljolw} iudphzrun lw lv txlwh hdv| wr h{sodlq lqwud0lqgxvwu| wudgh1 Wkh
edvlf lghd ri Nuxjpdq +4<;3, fdq eh h{sodlqhg zlwk wkh dlg ri rxu vlpsoh yhuvlrq ri wkh
Gl{lw0Vwljolw} prgho +vhh Vhfwlrq 714 deryh,1 Dvvxph wkdw wkhuh duh wzr frxqwulhv wkdw duh
lghqwlfdo lq doo uhvshfwv h{fhsw +srvvleo|, iru wkhlu oderxu hqgrzphqwv1 Lq wkh devhqfh ri
wudgh/ Fkdpehuolqldq prqrsrolvwlf frpshwlwlrq hqvxuhv wkdw wkhuh duh Q @ +4 ,K@ +I,
grphvwlf surgxfw ydulhwlhv dqg QW @ +4 ,KW@ +I, iruhljq ydulhwlhv/ zkhuh KW lv oderxu
vxsso| lq wkh iruhljq frxqwu|1 Wkh rshqlqj xs ri wudgh ehwzhhq wkh wzr frxqwulhv hqvxuhv wkdw
erwk grphvwlf dqg iruhljq frqvxphuv fdq qrz fkrrvh Q .QW surgxfw ydulhwlhv166 Surylghg
grphvwlf dqg iruhljq frqvxphuv h{klelw suhihuhqfh iru glyhuvlw|/ wkh juhdwhu fkrlfh ri ydulhw|
lpsuryhv zhoiduh wr erwk1 Wkh nh| wklqj wr qrwh lv wkdw wklv zhoiduh hhfw grhv qrw klqjh rq
glhuhqfhv ehwzhhq idfwru hqgrzphqwv/ l1h1 lw vwloo krogv li K @ KW lq rxu h{dpsoh1 Wklv
iudphzrun lv qrz d vwdqgdug sduw ri hfrqrplfv fxuulfxoxp1 Dowkrxjk uhdo zdjhv pljkw glhu
ehwzhhq frxqwulhv ri glhuhqw vl}hv lq dxwdun|/ diwhu wudgh wkh| ehfrph wkh vdph dv hdfk
frqvxphu qrz kdv wkh vdph fkrlfh dprqj ydulhwlhvvhh htxdwlrq +:,1 Lq wklv vhqvh wudgh
frpsohwho| vxevwlwxwhv iru lqwhuqdwlrqdo idfwru prelolw| +dv lq wkh K0R0V prgho,1
Hwklhu +4<;5, dujxhg wkdw prvw lqwhuqdwlrqdo wudgh lv qrw lq qdo surgxfwv +dv lq wkh
Nuxjpdq +4<;3, prgho, exw udwkhu lq lqwhuphgldwh jrrgv1 Lq whupv ri rxu prgho/ Hwklhu
lqwhusuhwv \ lq htxdwlrq +4, dv d krprjhqhrxv frpprglw| zklfk lv surgxfhg dffruglqj wr
wkh surgxfwlrq ixqfwlrq +5,/ zkhuh [ qrz uhsuhvhqwv dq lqwhuphgldwh lqsxw ydulhw|1 Wklv
irupxodwlrq lpsolhv wkdw/ lq dgglwlrq wr lqwhuqdo hfrqrplhv ri vfdoh lq wkh surgxfwlrq ri hdfk
lqwhuphgldwh lqsxw ydulhw|/ wkhuh duh h{whuqdo hfrqrplhv dw wkh qdo jrrgv vwdjh1 Wkh lqwxlwlrq
ehklqg wklv vr0fdoohg Hwklhu0hhfw lv dv iroorzv1 Dq lqfuhdvh lq wkh qxpehu ri lqsxw ydulhwlhv
hqvxuhv wkdw \ 0surgxfhuv fdq xvh d pruh urxqgderxw surgxfwlrq surfhvv dqg wkxv orzhu
65Vhh Nuxjpdq +4<<8, iru d vxuyh|1 Vhfwlrq <16 ri Gl{lw dqg Qrupdq +4<;3, lv dwwulexwhg wr xqsxeolvkhg
pdwhuldo e| Qrupdq1 Gxulqj wkh suhsdudwlrq ri wklv errn zh uhfhlyhg wkh kdqgzulwwhq yhuvlrq ri wklv hduolhu
zrun e| Qrupdq1 Klv sdshu lv lqfrpsohwh dqg wkh srolf| frqvhtxhqfhv ri wkh edvlf prgho duh devhqw1 Wkh prgho
ghyhorshg lq vhfwlrq <16 ri Gl{lw dqg Qrupdq +4<;3, lv yhu| vlplodu wr wklv yhuvlrq1 D SGI oh ri Qrupdq*v
xqsxeolvkhg sdshu fdq eh grzqordghg iurp= kwws=22zzz1hfr1uxj1qo2khlmgud2qrupdq:91sgi1 Dssduhqwo|
Qrupdq glg qrw dwwhpsw wr sxeolvk klv sdshu dv d vhsdudwh duwlfoh rqfh lw zdv lqfoxghg lq wklv zhoo0nqrzq
wh{werrn1
66Dv Nuxjpdq +4<;3/ s1 <84, srlqwv rxw/ frvwohvv surgxfw glhuhqwldwlrq hqvxuhv wkdw qr +grphvwlf ru
iruhljq, up zloo zdqw wr surgxfh d ydulhw| wkdw douhdg| h{lvwv1
5;
surgxfw frvwv167 Lq Hwklhu*v prgho/ rshqlqj xs ri wudgh lv ehqhfldo ehfdxvh lw fdxvhv h{whuqdo
hhfwv lq wkh surgxfwlrq ri qdo jrrgv lq erwk frxqwulhv1 Lqwhuhvwlqjo|/ Hwklhu*v irupxodwlrq
kdv ehfrph txlwh srsxodu lq wkh pdfurhfrqrplf dqg jurzwk dssolfdwlrqv ri wkh Gl{lw0Vwljolw}
prghovhh ehorz1
Wkh errn
Lq Fkdswhu ;/ Shwhu Qhdu| suhvhqwv d fulwlfdo vxuyh| ri prqrsrolvwlf frpshwlwlrq dqg lqwhu0
qdwlrqdo wudgh wkhru|1 Kh glvfxvvhv wudgh wkhru| exw dovr jlyhv d fohdu dffrxqw ri zk| wkh
Gl{lw0Vwljolw} +4<::, prgho kdv ehfrph vr srsxodu= lw lv lwv irupdol}dwlrq wkdw kdv frqwulexwhg
wr lwv vxffhvv1 Dowkrxjk wkh prgho kdv ehfrph vwdqgdug lq wudgh wkhru|/ lw kdv udwkhu pl{hg
vxffhvv zlwk uhvshfw wr hpslulfdo whvwlqj1 Exw qrw rqo| wkh olplwhg hpslulfdo vxffhvv ri wkh
prgho pdnhv Qhdu| fulwlfdo ri wkh zkroh dssurdfk1 Olnh Ndogru ehiruh klp/ Qhdu| dujxhv wkdw
lq lwv dvvxpswlrqv derxw hqwu| dqg vwudwhjlhv/ prqrsrolvwlf frpshwlwlrq uhvhpeohv shuihfw
frpshwlwlrq pxfk pruh wkdq lw uhvhpeohv wkh pdunhw vwuxfwxuh ri pdq| lqgxvwuldo vhfwruv
lq wkh uhdo zruog111 Zkdw lv qhhghg dffruglqj wr Qhdu| lv d JROH= d wkhru| ri Jhqhudo
Roljrsrolvwlf Htxloleulxp168
Lq Fkdswhu </ Mrh Iudqfrlv dqg Grxjodv Qhovrq suhvhqw d vwdwh0ri0wkh0duw ryhuylhz ri
doo fodvvhv ri wudgh prghov> fodvvlfdo prghov/ wkh qhz wudgh prghov/ dqg prghov edvhg rq
wkh Hwklhu iudphzrun1 Wkh| vkrz wkh glhuhqfhv dqg vlplodulwlhv ehwzhhq wkhvh prghov dqg
surylgh d jhqhulf uhsuhvhqwdwlrq ri wkh qhz wudgh prghov dqg Hwklhu w|sh ri prghov/ frpelqlqj
wkhp zlwk qhrfodvvlfdo hohphqwv1 Wkhlu jhrphwulf uhsuhvhqwdwlrq ri yh fodvvhv ri prghov
vkrzv zk| vrph prghov jlyh lghqwlfdo uhvxowv dqg zk| vrph gr qrw1 Wklv lv d frpsoh{
lvvxh ehfdxvh wkh Hwklhu0w|sh prghov duh xvxdoo| fkdudfwhul}hg e| pxowlsoh0htxloleuld/ dqg
lqvwdelolw|1 Dowkrxjk ydulrxv dxwkruv h{suhvv wkh qhhg iru dgglwlrqv/ h{whqvlrqv/ dqg ehwwhu
hpslulfdo zrun lq wklv duhd/ wkh Iudqfrlv0Qhovrq wd{rqrp| ri prghov dqg wkhlu jhrphwulf
uhsuhvhqwdwlrq/ vkrz wkdw vwloo qrw doo dssolfdwlrqv ri wkh edvlf Gl{lw0Vwljolw} iudphzrun kdyh
ehhq h{sorlwhg lq lqwhuqdwlrqdo wudgh wkhru|1
Sduw LY= Jhrjudsklfdo Hfrqrplfv
Edfnjurxqg
Dv zh douhdg| dujxhg deryh/ iru rwkhuzlvh lghqwlfdo frxqwulhv/ d glhuhqfh ehwzhhq oderxu
irufh vl}hv +K 9@ KW, lpsolhv wkdw wkh odujhu frxqwu| zloo kdyh d kljkhu uhdo zdjh lq dxwdun|
gxh wr wkh odujhu qxpehu ri dydlodeoh ydulhwlhv +vhh dovr htxdwlrq +:, dqg irrwqrwh 4:,1 Lq wkh
suhvhqfh ri lpshghphqwv wr wudgh +vxfk dv wudqvsruw frvw ru wdulv,/ krzhyhu/ lw lv qr orqjhu wkh
fdvh wkdw wudgh vxevwlwxwhv iru idfwru prelolw|vhh Nuxjpdq +4<:</ 4<;3,1 Wkh odujhu uhjlrq
67 Lq idfw/ Hwklhu xvhv d surgxfwlrq ixqfwlrq olnh +63, lq zklfk # fdswxuhv wkh Hwklhu hhfw dqg > uhsuhvhqwv
wkh pdunhw srzhu e| lqsxw ydulhw| surgxfhuv1
68Uhfhqwo|/ Qhdu| +5335, kdv sursrvhg vxfk d prgho1
5<
qrz rhuv d kljkhu uhdo zdjh ehfdxvh ri d odujhu orfdo pdunhw +zklfk grhv qrw idfh wudqvsruw
frvwv ru wdulv,1 Wkh hhfw ri wklv vhhplqjo| vpdoo dgglwlrq wr wkh prgho lv vxusulvlqjo| odujh
dqg ohdgv wr d vr0fdoohg krph0pdunhw hhfw = wkh frxqwu| zlwk wkh odujhvw hfrqrp| whqgv wr
eh d qhw h{sruwhu ri surgxfwv ri wkh prqrsrolvwlfdoo| frpshwlwlyh lqgxvwu|1 Khospdq dqg
Nuxjpdq +4<;8, vkrz wkdw li rqh frxqwu| lv odujh hqrxjk frpsduhg wr lwv wudglqj sduwqhu/
doo \ +vhh htxdwlrq +4,, pljkw eh frqfhqwudwhg lq wkdw frxqwu|1 Lq vwdqgdug wudgh prghov
orfdwlrq grhv qrw pdwwhu/ ehfdxvh zkhq wudqvsruw frvw duh devhqw wkhuh lv qrwklqj wr jdlq
iurp ehlqj lq d vshflf orfdwlrq1 Wkh krph0pdunhw hhfw lv lqwhuhvwlqj e| lwvhoi/ exw wdnhv
wkh glvwulexwlrq ri oderu +ru lqfrph, dv jlyhq1 Li zrunhuv zrxog eh preloh doo zrunhuv zrxog
hqg0xs lq wkh odujhvw pdunhw lq rughu wr iruhjr wudqvsruw frvw/ dqg wkh pxowlfrxqwu| prgho
zrxog vlpso| froodsv lqwr d vlqjoh frxqwu|2uhjlrq prgho1
D ghfdgh djr/ Nuxjpdq +4<<4d/ 4<<4e, uhdol}hg wkdw klv wudgh prgho/ dsshqghg zlwk
wudqvsruw frvwv/ frxog h{sodlq fhqwhu0shulskhu| sdwwhuqv lq wkh zruog hfrqrp| rqfh idfwru
prelolw| ehwzhhq frxqwulhv lv doorzhg1 Dffruglqj wr Nuxjpdq +4<<<,/
lw lv reylrxv0lq uhwurvshfw0wkdw vrphwklqj vshfldo kdsshqv zkhq idfwru prelolw|
lqwhudfwv zlwk lqfuhdvlqj uhwxuqv +111,1 Wklv revhuydwlrq lv/ dv L vxjjhvwhg/ reylrxv
lq uhwurvshfw> exw lw fhuwdlqo| wrrn ph d zkloh wr vhh lw1 Zk| h{dfwo| L vshqw
d ghfdgh ehwzhhq vkrzlqj krz wkh lqwhudfwlrq ri wudqvsruw frvwv dqg lqfuhdvlqj
uhwxuqv dw wkh ohyho ri wkh sodqw frxog ohdg wr wkh krph pdunhw hhfw +Nuxjpdq
4<;3, dqg uhdol}lqj wkdw wkh whfkqltxhv ghyhorshg wkhuh ohg qdwxudoo| wr vlpsoh
prghov ri uhjlrqdo glyhujhqfh +Nuxjpdq 4<<4, uhpdlqv d p|vwhu| wr ph1 Wkh rqo|
jrrg qhzv zdv wkdw qrerg| hovh slfnhg xs wkdw '433 eloo o|lqj rq wkh vlghzdon lq
wkh lqwhulp1
Lq rughu wr suhyhqw wkh prgho iurp froodsvlqj lqwr d vlqjoh frxqwu|2uhjlrq prgho/ Nuxj0
pdq +4<<4, pdnhv vrph dgglwlrqdo dvvxpswlrqv uhjduglqj wkh oderu pdunhw1 Iluvw/ kh glylghv
+h{rjhqrxvo|, wkh oderu pdunhw lqwr wzr sduwv= d vkduh lv doorfdwhg wr wkh krprjhqrxv jrrg
vhfwru ] +djulfxowxuh lq klv whuplqrorj|,/ dqg d vkduh lv doorfdwhg wr \ +zklfk kh fdoov pdqx0
idfwxuhv,1 Wr vlpsoli| qrwdwlrq Nuxjpdq dvvxphv wkdw d vkduh  jrhv wr ]/ dqg 4 wr wkh \
vhfwru +frpsduh zlwk htxdwlrq +4;,,1 Ixuwkhupruh/ zrunhuv lq wkh pdqxidfwxulqj lqgxvwu| duh
dvvxphg wr eh preloh ehwzhhq frxqwulhv/ zkhuhdv iduphuv duh lppreloh> dqg iduphuv fdqqrw
ehfrph zrunhuv ru ylfh yhuvd1
Wklv lpsolhv wkdw zh fdq qr orqjhu dvvxph d vlqjoh zdjh udwh iru wkh krprjhqrxv vhf0
wru dqg wkh pdqxidfwxulqj vhfwru +frpsduh zlwk vhfwlrq 71415,1 Dvvxplqj frvwohvv wudgh lq
djulfxowxuh +krprjhqrxv vhfwru,/ sulfhv dqg zdjhv lq djulfxowxuh fdq eh xvhg dv d qxphudluh
+e| frqyhqlhqw fkrlfh ri xqlwv,1 Lq sulqflsoh wkh qrplqdo zdjh udwh lq wkh \ vhfwru fdq hdvlo|
eh fdofxodwhg e| dvnlqj dw zkdw sulfh wkh rswlpdo dprxqw shu up +dv lqglfdwhg e| htxd0
wlrq +4:,, lv h{dfwo| phw e| wrwdo ghpdqg1 Wrwdo ghpdqg frphv iurp wzr vrxufhv= grphvwlf
vdohv dqg iruhljq vdohv1 Iru frqvxphuv wkh sulfh glhuhqfh ehwzhhq wkhvh wzr vrxufhv frqvlvwv
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ri wudqvsruw frvwv +dqg zh kdyh wr dgdsw htxdwlrqv +9, dqg +:, dffruglqjo|,1 Wklv olqh ri
uhdvrqlqj jlyhv xv wkh htxloleulxp sulfh dw zklfk ghpdqg htxdov rswlpdo vxsso|1 Iurp wklv
htxloleulxp sulfh rqh fdq ghulyh wkh fruuhvsrqglqj qrplqdo zdjh udwh lq wkh pdqxidfwxulqj
vhfwru e| xvlqj htxdwlrq +46,1 Wkh uhdo zdjh iroorzv iurp glylglqj wkh qrplqdo zdjh e| wkh
h{dfw sulfh lqgh{ +udlvhg wr wkh srzhu 4 ,1
Li wkh uhdo zdjh ehwzhhq frxqwulhv glhu wklv zloo ohdg wr oderu pljudwlrq xqwloo uhdo zdjhv
lq wkh pdqxidfwxulqj vhfwru duh htxdol}hg1 Ghshqglqj rq wkh prgho sdudphwhuv/ doo zrunhuv
pljkw frqfhqwudwh lq d vlqjoh uhjlrq/ ru pljkw eh glylghg ryhu glhuhqw uhjlrqv1 E| dvvxpswlrq
frpsohwh djjorphudwlrq lv qrw srvvleoh/ ehfdxvh ri wkh lppreloh iduphuv1
Rqfh wkh '433 eloo kdg ehhq slfnhg xs e| Nuxjpdq/ jhrjudsklfdo hfrqrplfv wxuqhg lqwr
rqh ri wkh prvw dfwlyh hogv lq lqwhuqdwlrqdo wudgh wkhru|/ dowkrxjk qrw hyhu|rqh lv frqylqfhg
ri wkh cuhyroxwlrqdu|* fkdudfwhu ri wklv qhz hog169
Wkh errn
Lq Fkdswhu 43/ Ulfkdug Edogzlq/ Ulndug Iruvolg/ Sklolssh Pduwlq/ Jldqpdufr Rwwdyldqr dqg
Iuìgìulf Urehuw0Qlfrxg ghyhors dqg h{sodlq wkh nh| ihdwxuhv ri wkh fruh0shulskhu| prgho +dv
wkh Nuxjpdq prgho lv qrz fdoohg,1 Wkh| vkrz wkdw wkh fruh0shulskhu| prgho lv pxfk pruh
frpsoh{ wkdq wkh vwdqgdug Gl{lw0Vwljolw} wudgh prgho1 Wkh| ixuwkhupruh h{sodlq vrph ri
wkh pruh gl!fxow lvvxhv lq wkhvh w|shv ri prghov/ vxfk dv qrupdol}dwlrqv/ fkdudfwhulvwlfv ri
htxloleuld +h1j1 wkhlu +lq,vwdelolw|,/ dqg krz wkh prgho ghdov zlwk h{shfwdwlrqv1 Wkh sdshu
vkrzv krz wzr vhhplqjo| lqqrfxrxv fkdqjhv wr wkh vwdqgdug Gl{lw0Vwljolw} wudgh prghowkh
lqwurgxfwlrq ri wudqvsruw frvw dqg lqwhuqdwlrqdo idfwru prelolw|fdq jlyh ulvh wr frpsolfdwhg
dqg lqwhuhvwlqj prghov1
Wkh ghedwh ri wkh hhfwv ri joredol}dwlrq rq oderxu pdunhwv riwhq wdnhv sodfh lq wkh K0R0V
iudphzrun1 Lq Fkdswhu 44/ Mrodqgd Shhwhuv dqg Kduu| Jduuhwvhq vkrz wkdw wkh qhrfodvvlfdo
iudphzrun pljkw qrw eh wkh prvw dssursuldwh rqh wr vwxg| wkh frqvhtxhqfhv ri joredol}dwlrq
rq oderxu pdunhwv lq wkh RHFG frxqwulhv1 E| doorzlqj iru zdjh uljlglwlhv lq d jhrjudsklfdo
hfrqrplfv prgho/ wkh| duh deoh wr vkrz wkdw wkh hhfwv ri joredol}dwlrq fdq eh yhu| glhuhqw
lq glhuhqw frxqwulhv1 Lw lv e| qr phdqv fhuwdlq wkdw orz0vnloohg zrunhuv duh dozd|v zruvh r
iroorzlqj lqfuhdvhg joredol}dwlrq1 Li joredol}dwlrq fdq eh uhsuhvhqwhg e| d uhgxfwlrq lq wudqv0
sruwdwlrq frvwv/ wkhq djjorphudwlqj dqg vsuhdglqj irufhv erwk ghwhuplqh orqj0uxq rxwfrphv
ri wkh prgho1 Wklv pdnhv wkh frqfoxvlrqv ohvv fohdu0fxw wkdq wkrvh rewdlqhg iurp qhrfodvvl0
fdo prghov1 Srwhqwldoo|/ krzhyhu/ wkh Shhwhuv0Jduuhwvhq prgho fdq dffrpprgdwh wkh udwkhu
glhuhqw lqvwlwxwlrqdo flufxpvwdqfhv h{lvwlqj lq dssduhqwo| vlplodu frxqwulhv1 Reylrxvo| pruh
hpslulfdo uhvhdufk lv qhhghg wr qg rxw zkhwkhu wkhlu prgho lv lqghhg ehwwhu htxlsshg wr ghdo
zlwk doo nlqgv ri glhuhqw flufxpvwdqfhv1
69Vhh Qhdu| +5334, iru d fulwltxh1 Eudnpdq/ Jduuhwvhq dqg Ydq Pduuhzlmn +5334, suhvhqw dq h{whqvlyh
ghvfulswlrq ri wkh lqwhoohfwxdo klvwru| ri wklv dssurdfk1
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Lq klv fulwlfdo vxuyh| ri wkh jhrjudsklfdo hfrqrplfv dssurdfk/ Shwhu Qhdu| +5334, qrwhv
wkdw hpslulfdo zrun lq wkh hog lv odujho| devhqw1 Lqghhg/ zlwk d ihz h{fhswlrqv/ lw lv doprvw
wrwdoo| odfnlqj1 Wklv pljkw frph dv d vxusulvh dv wkh juhdw lqwhuhvw lq wkh Gl{lw0Vwljolw}
wudgh prgho zdv fdxvhg e| wkh h{lvwhqfh ri d uhfdoflwudqw hpslulfdo luuhjxodulw|/ qdpho| wkh
skhqrphqrq ri lqwud0lqgxvwu| wudgh1 Wklv skhqrphqrq pdgh uhvhdufkhuv orrn iru wkhruhwlfdo
prghov wkdw frxog h{sodlq wkhvh idfwv1 Lq Fkdswhu 45/ Vwhyhq Eudnpdq/ Kduu| Jduuhwvhq/
Fkduohv ydq Pduuhzlmn/ dqg Pduf Vfkudpp h{sodlq zk| lw lv gl!fxow wr whvw jhrjudsklfdo
hfrqrplfv prghov1 Edvlfdoo|/ wkh sureohp lv wkdw pdq| revhuydwlrqv duh frqvlvwhqw zlwk
pdq| frpshwlqj prghov1 Lq jhqhudo/ whvwlqj lv uhvwulfwhg wr vrph ri wkh lpsolfdwlrqv ri wkh
jhrjudsklfdo hfrqrplfv prghov/ exw riwhq wkhvh fkdudfwhulvwlfv duh frqvlvwhqw zlwk pruh wkdq
rqh prgho1 Lw lv krzhyhu/ srvvleoh wr hvwlpdwh wkh vwuxfwxudo htxdwlrqv ri d yduldqw ri wkh
vwdqgdug prgho/ dv kdv ehhq grqh e| Kdqvrq +4<<;, iru wkh XVD1 Eudnpdq hw do1 whvw dq
h{whqghg yhuvlrq ri wkh Kdqvrq prgho iru Jhupdq|1 Wkh| vkrz wkdw lw lv srvvleoh wr qg
vrph hpslulfdo vxssruw iru wklv prgho1 Lw lv/ krzhyhu/ qrw dozd|v fohdu krz wr lqwhusuhw wkh
uhvxowv gxh wr wkh srvvlelolw| ri pxowlsoh htxloleuld1 Dovr khuh pruh hpslulfdo zrun qhhgv wr
eh grqh ehiruh rqh fdq frqfoxgh wkdw wkh jhrjudsklfdo hfrqrplfv dssurdfk lv ehwwhu deoh wr
h{sodlq vrph ri wkh jhrjudsklfdo vw|ol}hg idfwv wkdq dowhuqdwlyh prghov duh1
Wr frqfoxgh wklv sduw ri wkh errn/ lq Fkdswhu 46 Yhuqrq Khqghuvrq jlyhv d fulwlfdo ds0
sudlvdo ri wkh jhrjudsklfdo hfrqrplfv dssurdfk1 Dv d uhvhdufkhu ri d qhljkerxulqj glvflsolqh/
xuedq hfrqrplfv/ kh glvfxvvhv wkh phulwv ri wkh prgho zlwk uhvshfw wr wkh lqvljkwv lw rhuv
lq lwv xuedq dssolfdwlrqv1 Khqghuvrq zhofrphv wkh whqghqf| ri pdlqvwuhdp hfrqrplvwv wr
sxw pruh jhrjudsk| lqwr wkhlu prghov/ exw qrwhv wkdw doo hohphqwv ri wkh Nuxjpdq prgho
duh idploldu wr wkrvh zrunlqj lq uhjlrqdo hfrqrplfv16: Ixuwkhupruh/ prghuq prghov lq xuedq
hfrqrplfv kdyh lqfrusrudwhg vrph ri wkh pruh uhohydqw vw|ol}hg idfwv ri flwlhv dqg flw| iru0
pdwlrq/ zkhuhdv wkh Nuxjpdq prgho rqo| ghdov zlwk d vlpsolhg prgho ri d flw|vhh Ixmlwd
dqg Wklvvh +5335,1 Wkh Nuxjpdq prgho/ iru h{dpsoh/ lq lwv edvlf irupxodwlrq suhglfwv wkdw
wkh frvw ri olylqj lq d flw| idoov zlwk flw| vl}h/ d suhglfwlrq wkdw lv dw rggv zlwk wkh frqjhvwhg
uhdolw| ri flwlhv1 Ixuwkhupruh/ wkh devhqfh ri d odqg ghyhorsphqw pdunhw lv dovr wurxeohvrph
iru xuedq hfrqrplvwv1 Dovr/ iurp d wkhruhwlfdo shuvshfwlyh wkh jhrjudsklfdo hfrqrplfv prg0
hov/ zkhq dssolhg wr wkh dqdo|vlv ri flwlhv/ txlfno| ehfrph frpsoh{ dqg suhglfw pdq| srvvleoh
htxloleuld1 Dqg ehfdxvh zh kdyh qr lghd derxw wkh vl}h ri uhohydqw sdudphwhu ydoxhv/ lw lv
qrw srvvleoh wr fkrrvh ehwzhhq wkh glhuhqw htxloleuld1 Dv d frqvhtxhqfh Khqghuvrq lv yhu|
fulwlfdo ri wkh dssolfdwlrq ri wkh Gl{lw0Vwljolw} w|sh ri jhrjudsk| prghov wr wkh dqdo|vlv ri
flwlhv dqg kljkoljkwv vrph ri wkh/ lq klv h|hv/ pruh surplvlqj wkhruhwlfdo ghyhorsphqwv lq
xuedq hfrqrplfv1
6:Wklv srlqw lv dfnqrzohgjhg e| Nuxjpdq klpvhoi/ zkr dujxhv wkdw lq idluqhvv lw vkrxog eh uhsruwhg wkdw
pdq| jhrjudskhuv ihho wkdw wkh qhz olwhudwxuh lv rqo| whoolqj wkhp zkdw wkh| douhdg| nqhz/ zlwk d ihz whfkqlfdo
jlpplfnv +4<<8/ s1 4598,1
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Sduw Y= Hfrqrplf Jurzwk
Edfnjurxqg
Iroorzlqj d shulrg ri uhodwlyh qhjohfw/ wkh wkhru| ri hfrqrplf jurzwk zdv jlyhq d qhz lpshwxv
lq wkh plg 4<;3v dqg hduo| 4<<3v e| dxwkruv vxfk dv Sdxo Urphu +4<;:/ 4<<3,/ Urehuw Oxfdv
+4<;;,/ dqg Jhqh Jurvvpdq dqg Hokdqdq Khospdq +4<<4,1 Wkh erg| ri olwhudwxuh wkdw kdv
hphujhg vxevhtxhqw wrdqg dv d uhvxow riwkhlu slrqhhulqj hruwv lv riwhq uhihuuhg wr dv wkh
hqgrjhqrxv jurzwk olwhudwxuh1 Zkhuhdv wkh orqj0uxq jurzwk udwh lv hvvhqwldoo| h{rjhqrxv lq
wkh roghu jurzwk olwhudwxuh lq wkh Vrorz0Vzdq wudglwlrq/ wkh glvwlqjxlvklqj ihdwxuh ri wkh qhz
olwhudwxuh lv wkdw orqj0uxq jurzwk lv hqgrjhqrxvo| ghwhuplqhg zlwklq wkh prgho1 Zkhuhdv wkh
dffxpxodwlrq ri kxpdq fdslwdo lv wkh fhqwudo ihdwxuh lq wkh Oxfdv +4<;;, prgho/ wkh Urphu0
Jurvvpdq0Khospdq w|sh prghov doo pdnh h{solflw xvh ri wkh Gl{lw0Vwljolw} dssurdfk lq rqh
zd| ru dqrwkhu1
Zh fdq xvh rxu yhuvlrq ri wkh Gl{lw0Vwljolw} prgho wr looxvwudwh wkh zd| lq zklfk hqgrjhqrxv
jurzwk hphujhv lq +d vlpsolhg yhuvlrq ri, wkh prgho e| Jurvvpdq dqg Khospdq +4<<4/ fk1
6,16; Lq wklv prgho U)G dfwlylwlhv irup wkh edvlv ri hfrqrplf jurzwk1 Wkhuh lv d vlqjoh
krprjhqhrxv jrrg/ \ / zklfk lv surgxfhg zlwk wkh surgxfwlrq ixqfwlrq +5,/ zkhuh [ lv
d glhuhqwldwhg lqsxw ydulhw| +dv lq wkh Hwklhu dssurdfk,1 Wkh qxpehu ri h{lvwlqj lqsxw
ydulhwlhv/ Q / lv suhghwhuplqhg dw dq| prphqw lq wlph exw fdq eh lqfuhdvhg e| phdqv ri
oderxu0frqvxplqj U)G dfwlylwlhv1 Oderxu lv wkh rqo| surgxfwlrq idfwru dqg rzqhuvkls wlwohv
rq sdwhqwv suhvhqw wkh rqo| qdqfldo dvvhw iru vdylqjv sxusrvhv1 Lqwhuphgldwh lqsxw surgxfhuv
hdfk krog d eoxhsulqw whoolqj wkhp krz wr surgxfh wkhlu rzq/ voljkwo| xqltxh/ ydulhw| [ dqg
dfw dv Gl{lw0Vwljolw} prqrsrolvwlf frpshwlwruv xvlqj wkh whfkqrorj| [ @ O@nf / zkhuh O
lv oderxu xvh dqg nf lv d whfkqrorj| lqgh{16< Whfkqrorj| lq wkh shuihfwo| frpshwlwlyh U)G





zkhuh bQ  gQ@gw lv wkh qxpehu ri qhz eoxhsulqwv +sdwhqwv,/ n- lv d surgxfwlylw| lqgh{/ dqg
O- lv wkh dprxqw ri oderxu xvhg lq wkh U)G vhfwru1 Htxdwlrq +83, frqvwlwxwhv wkh hqjlqh ri
jurzwk lq wkh prgho1 Lw lqfrusrudwhv wkh dvvxpswlrq/ gxh wr Urphu +4<<3,/ wkdw wkh vwrfn ri
h{lvwlqj eoxhsulqwv srvlwlyho| dhfwv wkh surgxfwlylw| ri uhvhdufkhuv1 Dv Urphu sxwv lw/ ^w`kh
hqjlqhhu zrunlqj wrgd| lv pruh surgxfwlyh ehfdxvh kh ru vkh fdq wdnh dgydqwdjh ri doo wkh
dgglwlrqdo nqrzohgjh dffxpxodwhg dv ghvljq sureohpv zhuh vroyhg gxulqj wkh odvw 433 |hduv
+4<<3/ ss1 V;60;7,1
Wkh lqqlwho|0olyhg uhsuhvhqwdwlyh krxvhkrog fkrrvhv lwv rswlpdo wlph suroh iru frqvxps0
wlrq lq rughu wr pd{lpl}h wkh olihwlph xwlolw| ixqfwlrq/  
U"
f orjF +, h
34g / vxemhfw wr
6;Wklv h{dpsoh lv wdnhq iurp Ehqdvv| +4<<;,1 Vhh dovr Khlmgud dqg ydq ghu Sorhj +5335/ ss1 7940799, iru
ghwdlov ri wkh vroxwlrq phwkrg1
6<Wkhuh duh qr {hg frvwv1
66
wkh exgjhw lghqwlw| F . S bQ @ ZK . Q/ zkhuh F lv frqvxpswlrq ri wkh krprjhqhrxv
jrrg +htxdoolqj \ lq htxloleulxp,/  lv wkh udwh ri wlph suhihuhqfh/ S lv wkh pdunhw ydoxh ri
d sdwhqw/ Z lv wkh uhdo zdjh udwh/ dqg  lv surw shu lqwhuphgldwh lqsxw up1 Wkh exgjhw
lghqwlw| vkrzv wkdw lqfrph +uljkw0kdqg vlgh, lv vshqw rq wkh frqvxpswlrq ri qdo jrrgv dqg
rq wkh dffxpxodwlrq ri sdwhqwv +l1h1 rq vdylqj,1 Wkh rswlpdo vdylqjv sodqv ri wkh krxvhkrog
lq hhfw ghwhuplqhv wkh iudfwlrq ri oderxu doorfdwhg wr wkh U)G vhfwru dqg wkxv/ yld htxdwlrq
+83,/ wkh udwh ri lqqrydwlrq lq wkh hfrqrp|1 Lw fdq eh vkrzq wkdw wkh hqgrjhqrxv jurzwk
















Wkh lqqrydwlrq udwh lqfuhdvhv zlwk wkh prqrsro| pdunxs dqg wkh vlgh ri wkh oderxu irufh exw
ghfuhdvhv zlwk wkh udwh ri wlph suhihuhqfh1 Lqwxlwlyho|/ wkh pdunxs0hhfw rshudwhv dv iroorzv1
Li wkh pdunxs lv kljk wkhq lqsxw surgxfhuv nhhs wkhlu rxwsxw vpdoo vr wkdw/ iru d jlyhq qxpehu
ri ydulhwlhv/ wkh dprxqw ri oderxu devruehg e| wkh lqsxw0surgxflqj vhfwru lv vpdoo174 Dv d
uhvxow/ wkh U)G vhfwru lv uhodwlyho| odujh vr wkdw wkh hfrqrp| lqqrydwhv dw d kljk udwh1
Wkh h{dpsoh suhvhqwhg khuh/ ri frxuvh/ uhsuhvhqwv qr pruh wkdq wkh wls ri wkh lfhehuj1
Lw qhyhuwkhohvv vhuyhv wr looxvwudwh |hw dqrwkhu duhd zkhuh wkh Gl{lw0Vwljolw} dssurdfk kdv
suryhq wr eh yhu| xvhixo1 Lqghhg/ wkh phuh dqdo|wlfdo  h{lelolw| ri wkh Gl{lw0Vwljolw} prgho
kdv hqdeohv jurzwk wkhrulvwv wr lqfrusrudwh wkh qrwlrq ri prqrsrolvwlf frpshwlwlrq zlwklq d
ixoo| vshflhg g|qdplf jhqhudo htxloleulxp prgho zlwk rswlpl}lqj krxvhkrogv dqg upv1
Wkh errn
Lq Fkdswhu 47/ Vmdn Vpxoghuv dqg Wkhr ydq gh Noxqghuw frqup wkdw wkh Gl{lw0Vwljolw} prgho
ri prqrsrolvwlf frpshwlwlrq kdv ehhq dq lpsruwdqw exloglqj eorfn iru d qxpehu ri wkhrulhv
ri hfrqrplf jurzwk1 Wkhlu sdshu h{dplqhv wkh uroh sod|hg e| prqrsrolvwlf frpshwlwlrq lq
vhyhudo wkhrulhv ri hfrqrplf jurzwk1 Wkh| glvfxvv wkhvh wkhrulhv lq d jhqhudo htxloleulxp
iudphzrun zlwk wzr w|shv ri uhvhdufk dqg ghyhorsphqw +U)G,1 Iluvw/ qhz surgxfw olqhv fdq
eh lqwurgxfhg e| lqfxuulqj d vxqn frvw1 Vhfrqg/ lqfxpehqw upv fdq udlvh surgxfwlylw| e|
lq0krxvh lqyhvwphqw lq wdflw nqrzohgjh1 Vshfldo fdvhv ri wkh prgho lqfoxgh d g|qdplf yhuvlrq
ri wkh Gl{lw0Vwljolw} prgho/ wkh vhpl0hqgrjhqrxv jurzwk prgho/ wkh vhpl0hqgrjhqrxv jurzwk
prgho edvhg rq ydulhw| h{sdqvlrq/ wkh hqgrjhqrxv jurzwk prgho edvhg rq lq0krxvh U)G/
dqg d frpelqdwlrq ri wkh odwwhu wzr1 Lw lv vkrzq wkdw wkh lqwhqvlw| ri frpshwlwlrq sod| txlwh
d glhuhqw uroh lq wkh ydulrxv fdvhv glvwlqjxlvkhg1
73 Lw lv dvvxphg wkdw qrw doo oderxu lv devruehg e| wkh prqrsrolvwlfdoo| frpshwlwlyh vhfwru/ l1h1 vrph oderxu
lv hpsor|hg lq wkh U)G vhfwru1
74 Lw fdq eh vkrzq wkdw wkhuh lv qr wudqvlwlrqdo g|qdplfv lq uf  &ff dqg wkdw uf ' EM n 4&- *>1 Wkh
uhvxowv phqwlrqhg lq wkh wh{w iroorz iurp wklv h{suhvvlrq1 Qrwh dovr wkdw rxwsxw shu lqwhuphgldwh up ghfolqhv
dffruglqj wr f*f ' 3 */ l1h1 lw jhw vpdoohu dqg vpdoohu dv wlph jrhv rq1
67
Lq Fkdswhu 48/ Vmdn Vpxoghuv vwxglhv wkh hhfwv ri fdslwdo prelolw| rq zhoiduh dqg wkh
vshhg ri dgmxvwphqw lq d wzr0frxqwu| jurzwk prgho1 Uhvhdufk dqg ghyhorsphqw +U)G, do0
orzv prqrsrolvwlf upv wr lpsuryh wkhlu surgxfwlylw| ohyho zklovw qdwlrqdo dqg lqwhuqdwlrqdo
nqrzohgjh vslooryhuv dhfw wkh uhwxuqv wr U)G1 Wkh wzr frxqwulhv frqvlghuhg glhu rqo|
zlwk uhvshfw wr wkh lqlwldo surgxfwlylw| ohyho1 Wkh frxqwu| zlwk wkh orzhvw surgxfwlylw| ohyho
judgxdoo| fdwfkhv xs zlwk wkh ohdglqj frxqwu|1 Wkhuh lv frpsohwh frqyhujhqfh lq wkh orqj
uxq li wkhuh lv qr fdslwdo prelolw|1 Xqghu shuihfw fdslwdo prelolw|/ frxqwulhv hqg xs zlwk
htxdo orqj0uxq surgxfwlylw| ohyhov/ exw shupdqhqw glhuhqfhv lq frqvxpswlrq1 Wkh vshhg ri
frqyhujhqfh lv odujhu zlwk shuihfw fdslwdo prelolw| wkdq zlwk edodqfhg wudgh1 Wkh glhuhqfh
lqfuhdvhv zlwk vxevwlwxwlrq ehwzhhq surgxfw ydulhwlhv dqg wkh udwh ri lqwhuwhpsrudo vxevwlwx0
wlrq1 Fdslwdo prelolw| kdupv +ehqhwv, wkh ohdghu +odjjlqj, frxqwu| li grphvwlf vslooryhuv duh
pruh lpsruwdqw wkdq lqwhuqdwlrqdo vslooryhuv1
Lq Fkdswhu 49/ Khqul gh Jurrw/ Pdumdq Krinhv/ dqg Shwhu Pxoghu dsso| wkh Gl{lw0Vwljolw}
dssurdfk lq |hw dqrwkhu duhd1 Wkhlu sdshu vwxglhv wkh dgrswlrq dqg glxvlrq ri hqhuj|0
h!flhqw whfkqrorjlhv lq d ylqwdjh prgho1 Dq lpsruwdqw fkdudfwhulvwlf lv wkdw ylqwdjhv duh
frpsohphqwdu|> wkhuh duh uhwxuq wr glyhuvlw| ri xvlqj glhuhqw ylqwdjhv1 Gh Jurrw hw do1 du0
jxh wkdw wklv lv d srwhqwldoo| uhohydqw sduw ri wkh h{sodqdwlrq ri wkh hqhuj|0h!flhqf| sdudgr{1
Wkh| dovr dqdo|vh krz glxvlrq sdwwhuqv dqg dgrswlrq ehkdylrxu duh dhfwhg e| ohduqlqj0e|0
grlqj dqg wd{ srolflhv1 Lw lv vkrzq wkdw wkh vwurqjhu wkh frpsohphqwdulw| ehwzhhq glhuhqw




Shukdsv wkh wzr pdlq glylglqj lvvxhv dprqj pdfurhfrqrplvwv duh +4, wkh dvvxphg frruglqd0
wlrq srzhu ri pdunhwv dqg +5, wkh ghjuhh ri  h{lelolw| ri sulfhv dqg zdjhv1 Hfrqrplvwv zkr
ghulyh wkhlu lqvsludwlrq iurp wkh fodvvlfdov whqg wr h{klelw d juhdw eholhi lq iulfwlrqohvv pdu0
nhwv dqg hpskdvl}h sulfh dqg zdjh  h{lelolw|1 Dw wkh rwkhu hqg ri wkh vshfwuxp/ hfrqrplvwv
zrunlqj lq wkh Nh|qhvldq wudglwlrq whqg wr glvsod| d kljkhu wrohudqfh iru lpshuihfw pdunhwv
dqg hpskdvl}h wkdw sulfhv dqg zdjhv pd| eh vwlfn|1
Gxulqj wkh odwwhu kdoi ri wkh 4<;3v/ hfrqrplvwv iurp wkh Nh|qhvldq jurxs dssolhg wkh
Gl{lw0Vwljolw} prgho wr vwxg| vrph fodvvlf pdfurhfrqrplf txhvwlrqv1 Iru h{dpsoh/ Dnhuori
dqg \hoohq +4<;8d/ 4<;8e, dqg Eodqfkdug dqg Nl|rwdnl +4<;:, ghyhors prghov zlwk prqrsr0
olvwlfdoo| frpshwlwlyh sulfh dqg2ru zdjh vhwwhuv1 Wkh| vkrz wkdw sulfh dqg2ru zdjh vwlfnlqhvv
pd| +d, eh rswlpdo wr lqglylgxdo sulfh2zdjh vhwwhuv dqg +e, eh d jhqhudo htxloleulxp skh0
qrphqrq li wkhuh h{lvw vpdoo +qrq0frqyh{, frvwv dvvrfldwhg zlwk sulfh2zdjh fkdqjhv/ vr0fdoohg
phqx frvwv1 Lqwxlwlyho|/ vlqfh xqghu prqrsrolvwlf frpshwlwlrq remhfwlyh ixqfwlrqv duh  dw dw
wkh wrs/ vxfk phqx frvwv hqvxuh wkdw txdqwlw| dgmxvwphqw uhsodfhv sulfh dgmxvwphqw iroorzlqj
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dq h{rjhqrxv vkrfn1 Vlqfh wkh hfrqrp| lv qrw lq d uvw0ehvw htxloleulxp wr vwduw zlwk/ wkhuh
duh uvw0rughu zhoiduh hhfwv dvvrfldwhg zlwk vhfrqg0rughu0vpdoo phqx frvwv1
Wkh prqrsrolvwlf frpshwlwlrqprgho kdv dovr ehhq xvhg lq d vhwwlqj ri  h{leoh sulfhv2zdjhv1
Nl|rwdnl +4<;;,/ iru h{dpsoh/ vwxglhv wkh cylqwdjh0Nh|qhvldq* qrwlrq ri dqlpdo vslulwv dqgpxo0
wlsoh/ Sduhwr0udqndeoh/ htxloleuld1 Kh exlogv d wzr0shulrg prgho lqfrusrudwlqj prqrsrolvwlf
frpshwlwlrq lq wkh jrrgv pdunhw dqg uhdo lqyhvwphqw ghflvlrqv e| hqwuhsuhqhxuv dqg vkrzv
wkdw wkhuh h{lvw wzr udwlrqdo h{shfwdwlrqv htxloleuld/ qdpho| d cshvvlplvwlf* rqh dqg dq crswl0
plvwlf* rqh1 Kh wkxv vkrzv wkdw wkh vwdwh ri hqwuhsuhqhxuv* h{shfwdwlrqv uhjduglqj wkh ixwxuh
fdq kdyh lpsruwdqw lpsolfdwlrqv iru doorfdwlrq dqg zhoiduh lq d prqrsrolvwlfdoo| frpshwlwlyh
zruog1
Wkh prqrsrolvwlf frpshwlwlrq prgho kdv dovr ehhq xvhg wr surylgh irxqgdwlrqv iru wkh
cNh|qhvldq* pxowlsolhuvhh Pdqnlz +4<;;, dqg Vwduw} +4<;<,175 Lq doo pdfurhfrqrplf dssol0
fdwlrqv ri wkh Gl{lw0Vwljolw} dssurdfk/ wkh hqgrjhqrxv oderxu vxsso| uhvsrqvh sod|v d ylwdo
uroh1 Iru wkh pxowlsolhu prgho wklv fdq eh looxvwudwhg txlwh hdvlo| zlwk wkh dlg ri wkh vlp0
soh prgho suhvhqwhg lq Vhfwlrq 714 deryh176 Lqvwhdg ri fkrrvlqj wzr w|shv ri jrrgv +dv lq
htxdwlrq +4, deryh,/ wkh uhsuhvhqwdwlyh krxvhkrog qrz fkrrvhv wkh frpsrvlwh glhuhqwldwhg
jrrg/ \ / dqg ohlvxuh/ 4 K +zkhuh 4 lv wkh wlph hqgrzphqw dqg K lv oderxu vxsso|,1 Wkh
krxvhkrog kdv d Free0Grxjodv xwlolw| ixqfwlrq/ X @ +4K,B \ 3B1 Wkh krxvhkrog exgjhw
frqvwudlqw +6, lv dxjphqwhg wr St \ .Z +4K, @ L / zkhuh L Z .QW lv ixoo lqfrph/
Z lv wkh zdjh udwh/ Q lv djjuhjdwh surw lqfrph/ dqg W lv wkh oxps0vxp wd{1 Htxdwlrqv
+8,0+9, duh vwloo uhohydqw exw +7, lv uhsodfhg e| Z +4K, @ L 1 Wkh jryhuqphqw frqvxphv d
frpsrvlwh jrrg J +ghqhg dqdorjrxvo| wr +5,, dqg lwv exgjhw frqvwudlqw zloo eh W @ St J/
zkhuh St lv ghqhg lq +:,1 Lqglylgxdo upv idfh d ghpdqg iurp erwk wkh jryhuqphqw dqg
wkh uhsuhvhqwdwlyh krxvhkrog exw vlqfh wkhvh ghpdqg fxuyhv ihdwxuh wkh vdph hodvwlflw| wkh
sulfh lv wkh vdph iru erwk fxvwrphuv/ l1h1 S @ Znt +vhh +46, deryh,1 Lq wkh v|pphwulf
htxloleulxp/ wkh jrrgv pdunhw htxloleulxp frqglwlrq lv QS[ @ St ^\ .J` dqg djjuhjdwh
surw lqfrph fdq eh zulwwhq dv Q @ jQS[ ZQI 1
Zh iroorz Pdqnlz +4<;;, e| dvvxplqj wkdw wkh qxpehu ri upv lv frqvwdqw lq wkh +yhu|,
vkruw uxq1 Lq wkdw fdvh/ wkh prgho fdq eh frqghqvhg wr wzr vlpxowdqhrxv htxdwlrqv ghwhuplq0
lqj frpsrvlwh krxvhkrog frqvxpswlrq/ \ / dqg uhdo djjuhjdwh rxwsxw/ QS[@St / dv d ixqfwlrq
ri wkh h{rjhqrxv yduldeohv=
QS[
St
@ \ .J> +85,







 +4 ,J> +86,
75Gl{rq +4<;:, uhpdunv wkdw wklv pxowlsolhu lv pruh Zdoudvldq wkdq Nh|qhvldq ehfdxvh shuihfw  h{lelolw| ri
sulfhv dqg zdjhv lv dvvxphg1
76Wkh prgho lv orrvho| edvhg rq Pdqnlz +4<;;,1 Ghwdlov ri wkh vroxwlrq dssurdfk fdq eh irxqg lq Khlmgud
dqg ydq ghu Sorhj +5335/ ss1 68<06::,1
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zkhuh f  +4 ,Z +4QI, @St lv d frqvwdqw1 Wkh v|vwhp lv uhplqlvfhqw ri wkh Vdpxho0
vrqldq Nh|qhvldq Furvv gldjudphtxdwlrq +85, vd|v wkdw djjuhjdwh rxwsxw htxdov ghpdqg
e| wkh krxvhkrog dqg wkh jryhuqphqw zklovw +86, vkrzv wkdw krxvhkrog ghpdqg lwvhoi ghshqgv
srvlwlyho|/ yld lwv hhfw rq djjuhjdwh surw lqfrph/ rq uhdo djjuhjdwh rxwsxw1 Lw lv wkhuhiruh
qrw vxusulvlqj wkdw wkh prgho ihdwxuhv d vkruw0uxq pxowlsolhu hhfw1 Lqghhg/ lw iroorzv iurp












Wkh lqwxlwlrq ehklqg wkh pxowlsolhu lv dv iroorzv1 Wkh lqfuhdvh lq jryhuqphqw frqvxpswlrq
qhfhvvlwdwhv dq lqfuhdvh lq wkh oxps0vxp wd{ zklfk uhqghuv krxvhkrogv srruhu1 Vlqfh \ dqg
4 K duh erwk qrupdo jrrgv/ wkh frqvxpswlrq ri erwk lv uhgxfhg1 Wkh uhgxfwlrq lq ohlvxuh
frqvxpswlrq lv hhfwxdwhg e| dq lqfuhdvh lq oderxu vxsso|1 Wklv hqdeohv wkh h{sdqvlrq ri
djjuhjdwh rxwsxw1 Qrwh wkdw xqghu shuihfw frpshwlwlrq +zlwk  $ 4, vfdo srolf| zrxog
dovr lqfuhdvh djjuhjdwh rxwsxw wkrxjk e| ohvv1 Wkh nh| phfkdqlvp xqghu erwk shuihfw dqg
prqrsrolvwlf frpshwlwlrq lv wkh oderxu vxsso| uhvsrqvh e| krxvhkrogv1
Wkh errn
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qrsrolvwlf frpshwlwlrq lq hlwkhu surgxfw ru idfwru pdunhwv1 Kh wkhq vwxglhv wkh txdqwlwdwlyh
lpsolfdwlrqv ri wklv irup ri pdunhw srzhu dv zhoo dv lpsolfdwlrqv iru wkh frqgxfw ri vfdo dqg
prqhwdu| srolf|1 Frrshu frqfoxghv wkdw pdfur prghov edvhg rq prqrsrolvwlf frpshwlwlrq
duh xvhixo ehfdxvh wkh| surylgh d vrxufh ri lqh!flhqf| +wkdw lv qrw suhvhqw xqghu shuihfw
frpshwlwlrq, dqg fdq eh xvhg wr vwxg| sulfh vhwwlqj ehkdylrxu e| upv1 Iurp d txdqwlwdwlyh
shuvshfwlyh/ krzhyhu/ wkh idfw wkdw pdunhwv duh prqrsrolvwlfdoo| frpshwlwlyhudwkhu wkdq
shuihfwo| frpshwlwlyhgrhv qrw vhhp wr pdwwhu yhu| pxfk1
Lq Fkdswhu 4;/ Mdq Errqh jlyhv d irupdol}dwlrq ri ghihqvlyh dqg hqwhusulvlqj vwudwhjlhv
iru upv1 Kh dvnv wkh txhvwlrq zkhwkhu d ulvh lq frpshwlwlrq whqgv wr pdnh upv pruh hqwhu0
sulvlqj ru pruh ghihqvlyh1 Glvwlqjxlvklqj wkuhh zd|v lq zklfk frpshwlwlrq fdq eh lqwhqvlhg/
Errqh qgv wkh iroorzlqj uhvxowv1 Iluvw/ d ulvh lq wkh qxpehu ri rssrqhqwv dqg d uhgxfwlrq lq
rssrqhqwv* frvwv erwk pdnh d up pruh ghihqvlyh1 Vhfrqg/ dq lqfuhdvh lq wkh djjuhvvlyhqhvv
ri lqwhudfwlrq ehwzhhq upv pdnhv wkh wrs upv lq dq lqgxvwu| pruh hqwhusulvlqj zkloh wkh
odjjdugv ehfrph pruh ghihqvlyh1 Wkhvh uhvxowv duh hydoxdwhg lq oljkw ri wkh glvfxvvlrq rq
juhhq surgxfwlrq dqg grzqvl}lqj1
Lq Fkdswhu 4</ Fkulvwldq Nhxvfkqljj suhvhqwv dq lqwhuwhpsrudo htxloleulxp prgho ri pr0
qrsrolvwlf frpshwlwlrq dqg vwduw0xs lqyhvwphqw zlwk yduldeoh fdsdflw|1 Uh hfwlqj d wudgh0r
ehwzhhq wkh qxpehu dqg fdsdflw| ri qhz pdfklqhv/ djjuhjdwh lqyhvwphqw pd| eh h{whqvlyh ru
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lqwhqvlyh dqg pd| wkhuhiruh dgydqfh wkh ghjuhh ri hlwkhu vshfldol}dwlrq ru udwlrqdol}dwlrq ri lq0
gxvwuldo surgxfwlrq1 Lqyhvwphqw h{whuqdolwlhv duh lghqwlhg wkdw uhvxow lq xqghu0dffxpxodwlrq
ri fdslwdo1 Wkh sdshu frpsduhv wkh hhfwlyhqhvv ri d sursruwlrqdo lqyhvwphqw wd{ fuhglw zlwk
d {hg vwduw0xs vxevlg| wkdw vkliwv wkh gluhfwlrq ri lqyhvwphqw wrzdugv d pruh h{whqvlyh irup
zlwk d odujhu qxpehu ri vpdoohu pdfklqhv1
Ilqdoo|/ lq Fkdswhu 53 Ohrq Ehwwhqgrui dqg Ehq Khlmgud frqvwuxfw d g|qdplf ryhuodsslqj0
jhqhudwlrqv prgho ri d vhpl0vpdoo rshq hfrqrp| zlwk prqrsrolvwlf frpshwlwlrq lq wkh jrrgv
pdunhw1 Xvlqj wkh Gl{lw0Vwljolw} iudphzrun/ wkh| vkrz wkdw wkhuh duh wzr glvwruwlrqv wkdw
pxvw eh dgguhvvhg e| wkh srolf| pdnhu/ qdpho| wkh rqh gxh wr lqfuhdvlqj uhwxuqv wr vfdoh
+uhvxowlqj iurp prqrsrolvwlf frpshwlwlrq, dqg wkh rqh gxh wr qdwlrqdo pdunhw srzhu +uhvxowlqj
iurp d grzqzdug vorslqj h{sruw ghpdqg ixqfwlrq,1 Lw lv qdwxudo lq wklv vhwwlqj wr frqvlghu
wzr srolf| lqvwuxphqwv/ qdpho| wkh surgxfw vxevlg| dqg wkh lpsruw wdul1 Zkloh lq wkh uvw0
ehvw vlwxdwlrq wkh lqvwuxphqw wdujhwlqj sulqflsoh lv uhohydqw/ lw wxuqv rxw wkdw lq wkh vhfrqg0
ehvw fdvh wkh wzr srolf| lqvwuxphqwv duh frpsohphqwdu|1 Wkh Gl{lw0Vwljolw} iudphzrun wkxv
|lhogv suhflvh dqg lqwxlwlyho| xqghuvwdqgdeoh suhvfulswlrqv derxw wkh lqwhudfwlrq ehwzhhq wkh
rswlpxp wdul dqg suh0h{lvwlqj xqfruuhfwhg grphvwlf glvwruwlrqv dqg ylfh yhuvd1
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